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1864.  Etienne,  Antonin,  Engineer,  Cordoya  and  Seville  Railway,  Seville,  Spain. 
1867.  Evans,  John  Campbell,  Morden  Iron  Works,  East  Greenwich,  S.E. 
1848.  Everitt,    George    Allen,    Kingston    Metal    Works,    Adderlej    Street, 
Birmingham. 

1864.  Everitt,  William    Edward,  Kingston    KetaL   Works,  Adderley    Street^ 

Birmingham. 

1865.  Evers,  Frank,  Cradlej  Iron  Works,  near  Stonrbridge. 

1857.  Fairlie,  Bobert  Francis,  66  Gracechnroh  Street,.  London,  E.G. 
1865.  Faviell,  Samuel  Clongh,  Clarence  Iron  Works,  Leeds. 

1861.  Feamlej,  Thomas,  Globe  Works,  Hall  Lane,  Bradford,  Yorkshire. 

1854.  Femie,  John,  Clarence  Iron  Works,  Leeds. 

1861.  Field,  Joshua,  Cheltenham  Place,  Lambeth,  London,  S. 

1865.  Filliter,  Edward,  Besident  Engineer,  Leeds  Water  Works,  6  South  Parade, 

JilOOClB. 

1864.  Fleet,  Thomas,  Crown  Boiler  Works,  Westbremwich. 

1861.  Fleetwood,  Daniel    Joseph,  Metal   Boiling  Mills,  Icknield   Port  Boad, 

Birmingham. 
1847.  Fletcher,  Edward,  Locomotive  Superintendent,  North  Eastern  Bailway, 

Gateshead. 

1858.  Fletcher,  Henry   Allason,  Lowca    Engine  Works,   Whitehaven.    {Lif9 

Member^ 
1857.  Fletcher,  James,  Messrs.  W.  Collier   and  Co.,  2   Greengate,  Salford, 
Manchester. 

1859.  Fogg,  Bobert,  17  Park  Street,  Westminster,  S.W. 

1861.  Forster,  Edward,  Spon  Lane  Glass  Works,  near  Birmingham. 

1849.  Forsyth,  John  C,  North  Staffordshire  Bailway,  Stoke-upon-Trent* 

1864.  Foster,  Edward  Henry,  Old  Park  Iron  Works,  Wednesbuiy. 

1861.  Foster,  Sampson  Lloyd,  Old  Park  Iron  Works,  Wednesbuiy. 

1847.  Fothergill,  Benjamin,  27  Comhill,  London,  E.C. 

1847.  Fowler,  John,  2  Qaeen  Square  Place,  Westminster,  S.W. 

1847.  Fox,  Sir  Charles,  8  New  Street,  Spring  Gardens,  London,  S.W. 

1864.  Frankish,  John,  1  Lord's  Chambers,  Corporation  Street,  Manchester. 

1859.  Fraser,  John,  18  York  Place,  Leeds. 

1856.  Freeman,  Joseph,  98  Cannon  Street,  London,  E.G. 

1864.  Frost,  Thomas,  Canal  Street  Iron  Works,  Derby* 
1852.  Froude,  William,  Elmsleigh,  Paignton,  Torquay. 

1865.  Gainsford,  William  Dunn,  Sheffield  Coal  Co.,  Sheffield. 

1862.  Galton,  Capt.  Douglas,  B.E.,  War  Office,  Pall  Mall,  London,  S.W. 
1847.  Garland,  William  S.,  Messrs.  Jamea  Watt  and  Co.^  Soho  Foundry,  near 
Binmngham. 
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1M8.  CKbbons,  BenjaKnin,  Hill  Hampton  House,  near  Stonrpoit. 
1866.  Gibbe,  William,  Beepfields  Iron  Works,  near  Wolyerhampton* 

1856.  GiDces,  Edgar,  Tees  Engine  Works,  Middlesbrongli. 

1862.  Godfrey,     Samuel,    Messrs.    Bolckow    and    Yanghan's     Iron     Works, 

Middlesbrongli. 
1865.  G6rans8on,  Gi^ran  Fredrick,  Steel  Works,  Gefle  and  Hftgbo,  Sweden. 
1865.  Gray,  John  McFarlone,  Vanzhall  Foundry,  Liverpool. 
1848.  Green,  Charles,  Tube  Works,  Leek  Street,  Birmingham. 
1861.  Green,  Edward,  Jun.,  8  Bank  Street,  Exchange,  Manchester. 
1858.  Greenwood,  Thomas,  Albion  Works,  Armley  Bead,  Leeds. 

1857.  Gregory,  John,  Engineer,  Portngaeee  National  Bailway  South  of  Tagos, 

Barriero,  near  Lisbon,  Portugal. 
1865.  Greig,  David,  Steam  Plough  Works,  Leeds. 

1860.  Grioe,  Frederic  Groom,  Stour  Valley  Works,  Spon  Lane,  Westbromwich. 
1865.  Grimshaw,    William    Dakin,    Harris    Buildings,    Icknield    Port    Boad, 

Birmingham. 

1861.  Haden,  William,  Bixon's  Green,  Dudley. 

1861.  Haggle,  Peter,  Hemp  and  Wire  Bope  Works,  Grateshead. 
1864l  Halkett,  John  Craigie,  Oramond  Iron  Works,  Edinburgh. 

1863.  Hall,  Joseph,  Gratz  Iron  Works,  Gratz,  Styria,  Austria. 

1857.  Hall,  William,  Ashted  Yamish  and  Colour  Works,  167  Dartmouth  Street, 

Birmingham. 
1800.  Hamilton,  Gilbert,  Messrs.  James  Watt  and  Co.,  Soho   Foundry,  near 

Birmingham. 
1868.  Harding,  John,  Beeston  Manor  Iron  Works,  Leeds. 

1859.  Harman,  Heniy  William,  Canal  Street  Works,  Manchester. 

1856.  Harrison,  Greorge,  Canada  Works,  Birkenhead. 

1868.  Harrison,  Thomas  Elliot,  1  Westminster    Chambers,  Yictoria    Street, 

Westminster,  S.W. 
1865.  Harrison,  William,  Bank  Foundry,  Blackbnm. 
1865.  Harrison,  William  Arthnr,  Cambridge  Street  Works,  Manchester. 
1S63.  Hartas,  Isaac,  Bosedale  Iron  Mines,  near  Pickering,  Yorkshire. 

1858.  Haswell,  John  A.,  North   Eastern  Bailway,  Locomotive  Departmenti 

Gkkteshead. 

1857.  Haughton,  S.  Wilfred,  Greenbank,  Carlow.     (Life  Member.) 

1861.  Hawkins,  William  Bailey,  24  Budge  Bow,  Cannon  Street,  London,  E.G. 
1856.  Hawksley,  Thomas,  80  Great  George  Street,  Westminster,  S.W. 
1848.  Hawthorn,  Bobert,  Forth  Banks,  Newcastle-on-Tyne. 

1848.  Hawthorn,  William,  Forth  Banks,  Newcastlo-on-T3me. 

1862.  Haynes,  Thomas  John,  Calpe  Foundry,  North  Front,  Gibraltar. 

1860.  Head,  John,  Messrs.  Bansomes  and  Sims,  Orwell  Works,  Ipswich. 
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1868.  Head,  Thomas  Howard,  Teesdale  Iron  Works,  Stookton-on-TeeB. 
1868.  Headlj,  James  Ind,  Bagle  Works,  Oambridge. 

1867.  Healey,  Edward  Charles,  168  Strand,  London,  W.C. 

1862.  Heath,  William  J.  W„  Assistant  Engineer,  Ceylon  Bailway,  Colombo, 
Ceylon:  (or  oare  of  John  J.  Heath,  106  Yyse  Street,  Birmingham.) 

1864.  Heathfield,  Bichapd,  Lion  Oalvanising  Works,  Birmingham  Heath, 
Birmingham. 

1860.  Heaton,  George,  Royal  Copper  Mint,  loknield  Street  East,  Birmingham. 

1866.  Heptinstall,  John,  Botherham  Iron  Works,  Botherham. 

■ 

1866.  Hetherington,  John  Knir,  Vulcan  Iron  Works,  Pollard  Street,  Manchester. 
1864.  Hetherington,  William  Isaao,  Ynloan  Works,  Pollard  Street,  Manchester. 
1864.  Hide,  Thomas  C,  46  Fenchnrch  Street,  London,  E.C. 

1868.  Hind,  Boger,  Scotland  Bank  Iron  Works,  Warrington. 
1862.  Hingley,  Samnel,  Hart's  Hill  Iron  Works,  near  Brierley  Hill. 
1868.  Hodgson,  Bobert,  North  Eastern  BaUway,  KewcasUe-on-Tyne. 

1862.  Holcrofb,  James,  Shut  End,  Brierley  Hill. 

1866.  HolUday,  John,  Messrs.  Bethell's  Creosote  Works,  Westbromwich. 

1863.  Holt,  Francis,  Gorton  Foundry,  Manchester. 

1848.  Homersham,  Samnel  Collett,  19  Buckingham  Street,  Adelphi,  London,  W.C. 

1860.  Hopkins,  James  Innes,  Tees  Side  Iron  Works,  Middlesbrough. 

1866.  Hopkinson,  John,  London  Boad  Iron  Works,  Manchester. 

1868.  Hopper,  George,  Houghton-le-Spring  Iron  Works,  near  Fence  Houses. 

1868.  Horsley,  William,  Jun.,  Whitehill  Point  Iron  Works,   Percy  Main,   near 

Newcastle-on-Tyne. 
1851.  Horton,  Joshua,  ^tna  Works,  Smethwick,  near  Birmingham. 

1868.  Hosking,  John,  Gateshead  Iron  Works,  Gateshead. 

1864.  Howard,  Eliot,  84  Upper  Whitecross  Street,  London,  E.C. 
1860.  Howard,  James,  Britannia  Iron  Works,  Bedford. 

1860.  Howe,  William,  Clay  Cross  Coal  and  Iron  Works,  near  Chesterfield. 

1861.  Howell,  Joseph  Bennett,  Hartford  Steel  Works,  Sheffield. 

1862.  Huber,  Peter  Emile,  Iron  Works,  near  Zurich,  Switzerland. 

1864.  Hulse,  William  Wilson,  Whalley  Chambers,  88  King  Street,  Manchester. 
1847.  Humphrys,  Edward,  Deptford  Pier,  London,  S.E. 

1869.  Hunt,  James  P.,  Gospel  Oak  Iron  Works,  Tipton. 

1866.  Hunt,  Thomas,  North  of  England  Bailway  Carriage  Works,  West  Strand, 
Preston. 

1864.  Hutchinson,  Edward,  Skeme  Iron  Works,  Darlington. 

1863.  Hutton,  Walter  Stuart,  Prospect  Works,  Hunslet  Lane,  Leeds. 

1865.  Hyde,  Capt.  Henry,  B.E.,  Master  of  the  Mint,  Calcutta :  (or  oare  of  Ber. 

H.  M.  C.  Hyde,  Camberwell,  London,  S.) 

1857.  Inshaw,  John,  Engine  Works,  Morville  Street,  Birmingham. 
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1865.  JttdkBai,  Jobn,  Harbour  of  Seftige  Wotlai,  Alderiifly. 

1859.  Jftckaon,  Matthew  Mmray,  Maun.  BBQher  WyBB  and  Oo.,  Engine  Wariki^ 

Zmch,  8w&s«t9aiid. 
18^.  Jaokwm,  Peter  Boihweil,  Balfiird  Boiling  IGUs,  Manohflstor. 
1861.  Jaokaon,  Sobert,  JEtnm  fiteel  Works^  EOieflBeld. 
18G0.  Jac3cBGfn,  Samuel,  OydopB  Steel  and  Xron  Works,  Sheflleld. 
1858.  Jai&ey,  George  WOliam,  Hartlepool  Iron  Works,  Hartlepool. 

1856.  James,  Jabes,  40  Frmoe'B  Street,  Gommemal  Boad,  Lambetb,  London,  S. 
1865.  Jarris,  Edward  George,  Railway  Saw  Mills,  Gloaoester. 

1855.  Jeffoocik,  Parkin,  Mining  Sngineer,  Midland  Boad,  Derby. 
1861.  Jeffcoc^,  Thomas  William,  Mining  Engineer,  18  Bank  Street,  Sheffield. 
1868.  Jeffreys,  Edward  A.,  Low  Moor  Iron  Works,  near  Bradford,  Yoikshire. 
1867.  Jenkins,  William,  LooomotlTe  Snperxntendeni,  Laneasfaire  and  Yorkshire 

Baihray,  Miles  Platting,  Manohester. 
1861.  Jeasop,  Sydney,  Park  Steel  Works,  Sheffield* 
1861.  Jessopi  Thomas,  Pazk  Steel  Works,  Sheffield* 
1854.  Jobaon,  John,  Derwe&t  Foundry,  Derby. 
1863.  Johnson,  Biyan,  nookarsbrook  Poondiy,  Ohester. 
1847.  Johnson,    James,    North    Staffbrdshire    Bailway,    BnghieeK's     Offioe^ 

Stoka^npon-Trent. 
1861.  JcAinsoa,  Samnel  Waite»   Looomott?e   Superintendent^    GreaA  Basteni 

Baiiway,  Stratford,  London,  E. 
1861.  Jones,  Alfred,  Ettingahall  Iron  Works,  Bilston. 
1861.  Jones,    David,   Engineer,   Bomney   Bailway,  Maohen,   near   Newport, 

1847.  Jones,  Edward,  Old  Vtak  Iron  Works,  Wedneebnify. 

1867.  Jones,  Hodgson,  26  Great  George  Street,  Westnunster,  S.W. 

18£3.  Joy,  David,  OleyeUmd  Engine  Woiks,  Middlesbroiigh. 

1867.  Kay,  James  Olazkson,  Fhosniz  Fonndry,  Bniy,  Lancashire. 

18i7.  Keiidan,  WHliam,  Looomotive  Superintendent,  Blyth  and  Tyne  Bailway^ 
Peroy  Main,  near  Newoastle-on-Tjme. 

1868.  Kennan,  JameSi  Agriooltnral  Implement  Works,  19  Fishamble  Street, 

Dublin. 

1847.  Kennedy,  James,  Oressington  Paik,  Aigburth,  Liverpool. 

1857.  Kennedy,  Lt.-Ck>lonal  John  Pitt,  Engineer,  B(»nbay  Baroda  and  Central 

Indian  Bailway ;  10  liveipool  Street,  New  Broad  Street,  London,  E.O. 
1861.  KeoQedy,  John  Pitt,  Bombay  Baroda   and   Central   Indian   Bailway; 

10  Liverpool  Street,  New  Broad  Street,  London,  B.O. 
1865.  Kirkaldy,  David,  Testing  and  Experimental  Works,  The  Grove,  Southirark 

Street,  London,  S.E. 

1848.  Kiikham,  Mm^  108  Ebston  Boad,  LondOA,  N.W. 

B 


xvi.  LIST  OF  MEMBERS. 

1847.  Eiitley,  Matthew,  Looomotiye  SnperinteiidQiit,  Midland  Bailway,  Derby. 

1864.  Kirtley,  William,  Midland  Bailway,  LooomotlYe  Department,  Derby. 
1859.  Kitson,  Frederick  William,  Monkbridge  Iron  Works,  Leeds. 

1848.  Ejtson,  James,  Airedale  Foimdry,  Leeds. 

1859.  Kitson,  James,  Jmi.,  Monkbridge  Jraa  Works,  Leeds. 
1868.  Knight,  Thomas,  180  Bradford  Street,  Birmingham. 

1868.  Lancaster,  John,  Eirkless  Hall  Coal  and  Iron  Works,  near  Wigan. 
1868.  Latham,  Ernest,  11  Park  Groye,  Bromley,  Kent,  S.E. 

1860.  Law,  Dayid,  Phoenix  Iron  Works,  Glasgow. 

1857.  Laybonm,  John,  Isca  Foundry,  Newport,  Monmonthshire. 

1856.  Laybonm,  Biohard,  Looomotiye  Superintendent,  Monmonthshire  BaJlway 

and  Oanal  Company,  Newport,  Monmonthshire. 
1860.  Lea,  Keaary,  35  Paradise  Street,  Birmingham. 

1865.  Ledger,  Joseph,  West  Comberland  Haematite  Iron  Works,  Workington. 
1862.  Lee,  J.  0.  Fraok,  22  Great  George  Street,  Westminster,  S.W. 

1868.  Lees,  Samuel,  Jmi.,  Park  Bridge  Iron  Works,  Ashton-nnder-Lyne. 

1868.  Leigh,  Eyan,  Junction  Works,  Miles  Platting,  Manchester. 

1865.  Leigh,  Frederick  AUen,  Junction  Works,  Miles  Platting,  Manchester. 

1858.  Leslie,  Andrew,  Iron  Ship  Building  Yard,  Hebbum  Quay,  Gateshead. 
1856.  Leyiok,  Frederick,  Cwm-Celyn  Blaina  and  Goalbrook  Yale  Iron  WorkSy 

near  Newport,  Monmouthshire. 
1860.  Lewis,  Thomas  William,  Plymouth  Iron  Works,  Merthyr  Tydyil. 
1864.  Lindsley,    G^eoige,  Great  Western  Bailway,  Looomotiye    Department^ 

Swindon. 

1856.  Linn,  Alexander  Grainger,  2  Queen  Square  Place,  Westminster,  S.W. 

1857.  Little,  Charles,  Stayeley  Coal  and  Iron  Works,  Stayeley,  near  Chesterfield. 
1868.  Lloyd,  Edward  B.,  Albion  Tube  Works,  Nile  Btreet,  Birmingham. 

1854.  Lloyd,  G^rge  Braithwaite,  Messrs.  Lloyds,  EUgh  Street,  Birmingham. 

{Life  Member.) 
1862.  Lloyd,    John,    LineBhall   Iron   Works,    Oakengates,    near   Wellington, 

Shropshire, 
1847.  Lloyd,  Sampson,  Old  Park  Iron  Works,  Wednesbuiy. 

1864.  Lloyd,  Sampson  Zaohazy,  Old  Park  Iron  Works,  Wednesbuiy. 
1852.  Lloyd,  Samuel,  Old  Park  Iron  Works,  Wednesbuiy. 

1862.  Lloyd,  Wilson,  Old  Park  Iron  Works,  Wednesbuiy. 
1868.  Loam,  Matthew  Hill,  Engineer,  Gas  and  Water  Works,  Nottingham. 
1856.  Longridge,  Bobert  Bewick,  Steam  Boiler  Assurance  Company,  67  King 
Street,  Manchester. 

1865.  Longridge,  William  Smith,  Alderwasley  Iron  Works,  Ambeigate,  near 

Derby. 

1859.  Lord,  Thomas  Wilks,  2a  Alfred  Street,  Boar  Lane,  Leeds. 
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86L  Low,  George,  St.  Peter^s  Jiaa  Warks,  Ipswidb 

865.  Limdb,  Sverier  Hakon,  36  Begent  Square,  Londoxi,  W.C. 

854.  Lynde,  James  Gaflooigne,  Town  Hall,  HanoheBter. 

864.  Mac&rlane,  Walter,  Saracen  Foundry,  Glasgow. 

856.  Haokay,  John,  Mount  Hermon,  Drogheda. 

864.  Haonab,  Archibald  Francis,  care  of  Charles  Lee,  23  Allen  Street,  Hercnlee 
Buildings,  Lambeth,  London,  S. 

865.  KaoNaj,  William,  Shildon  Engine  Works,  Darlingfton. 
865.  Hacnee,  Daniel,  Cyclops  Steel  and  Lon  Works,  Sheffield. 
859.  Manning,  John,  Boyne  Engine  Works,  Hnnslet,  Leeds. 

1862.  Mansell,     Biohard     Christopher,    Soath     Eastern    Bailway,    Carriage 

Department,  Ashfbrd. 
862.  Mappin,  Frederick  Thorpe,  Sheaf  Works,  Sheffield. 

857.  March,  George,  Union  Fomidry,  Leeds. 

856.  MarkhftTn,    Charles,    Staveley  Coal  and  Lx)n  Works,    Staveley,    near 
ChesterEeld. 

865.  Marshall,  Francis  Carr,  Jarrow  Engine  Works,  Quayside,  Kewcastle-on- 

Tyne. 
862.  Marshall,  James,  4  Gloucester  Terrace,  Bye  HiU,  Newcastle-on-Tyne. 
859.  Marshall,  William  Ebenezer,  Snn  Fouidry,  Leeds. 
847.  Marshall,  William  Prime,  81  Newhall  Street,  Birmingham. 
859.  Marten,  Edward  Bindon,  Engineer,  Stonrbiidge  Water  Works,  18  High 

Street,  Stonrbridge. 

858.  Marten,  Henzy,  Parkfield  Iron  Works,  near  Wolverhampton. 

857.  Martiodale,  Capt.  Ben  Hay,  B.E.,  War  Office,  Pall  Mall,  London,  S.W. 
854.  Martineao,  Francis  Edgar,  Globe  Works,  Cliyeland  Street,  Birmingham. 
864u  MCartley,  WiUiam,  Locomotive    Superintendent,  London  Chathafli  and 

Dover  BaQway,  Longhedge  Works,  Wandsworth  Boad,  London,  S. 

857.  Massfllin,  Armand,  Folembray,  Aisne,  France. 

858.  ICathews,  William,  The  Leasowes,  near  Bixmingham. 

1848.  Ifatthew,   John,   Messrs.    John    Penn    and    Co.,    Marine    Engineers, 
Greenwich,  S.E. 
847.  Matthews,  William  Anthony,  Sheaf  Works,  Sheffield. 
1853.  Mandslay,  Henzy,  Cheltenham  Place,  Lambeth,  London,  S.   (Life  Memher.) 

864.  Mandslay,  Thomas  Henry,  Cheltenham  Place,  Lambeth,  London,  8. 
861.  May,  Bobert  Charles,  3  Great  Gtoorge  Street,  Westminster,  S.W. 

1857.  May,  Walter,  Suffolk  Works,  Berkley  Street,  Birmingham. 

865.  Maylor,  John,  Engineer  and  Shipbuilder,  Bio  de  Janeiro :  MayfLeld,  King 
Street,  Oztan,  Birkenhead. 

,859.  Maylor,  William,  East  Indian  Iron  Company,  Beypoor,  India :  (or  care  of 
B.  J.  Burgess,  Abohnrch  Chambers,  Abchnroh  Yard,  London,  E.C.) 


•  •• 


ZYUI.  U8T  OF  KBMBBIUU 

847.  MoGlean,  John  Bobinson,  88  Greftt  Georgo  Street,  Wesiamnstor,  S.W. 

865.  MoDoDnell,  AleKandar,  LooomotiTe  Bnperintondenli,  Greofc  Southern  and 
Western  Bailwaj,  Dnblin. 

864.  KoEwen,  Lawrenoe  Thomson,  Ormesby  Iron  Works,  liiddlesbroogh. 

860.  KcEensie,  James,  Well  Hoose  Fonndiy,  Leeds. 
859.  lioKenzie,  John,  Woroester  Bngine  Works,  Woroeeter. 
868.  McFharson,  Hogh,  Bngmeer,  Gloooester  Gas  Woiks,  Gloucester. 

868.  Meeky  Stnrges,  Besident  Engineer,  I^noawhire  and  TorkBhixe  Bailway, 

Manchester. 
858.  ICeik,  Thomas,  Engineer  to  the  Biver  Wear  Oommissionera,  BuBderiand. 

857.  Menelans,  William,  Dowlais  Iron  Works,  Kerthjr  TyML 
1857.  Metfovd,  William  Ellis,  Flook  Hoiise,  Taimton. 

1847.  Middleton,  William,  Yoloan  Iron  Foondiy,  8nmmer  Lane,  Birmingham. 
862.  liiers,   IVancis  0.,  Stoneleigh   Lodge,    Giore   Boad,   Chipham   Ftak, 

London,  S. 
864.  Hiers,  John  William,  74  Addison  Boad,  Kensington,  London,  W. 
862.  Millward,  John,  27  Paradise  Street,  Birmingham. 

856.  HitdheU,  Charles,  Iron  ShipBiiildingYard,LowWa]ker,Kewoastle-on-i;7^ 

858.  MitoheU,  James,  8  Chnroh  Terrace,  Higher  Tramnere,  Biricenhead. 

861.  Mitchell,  Joseph,  Worsbroogh  Dale  GolUeiy,  near  Bamsley. 

859.  Moor,  William,  Engineer,  Hetton  Gollieiy,  Hetton,  near  Fence  Honses. 
864.  Moore,  Sampson,  Korth  Foondiy,  Ootton  Street,  Clerenoe  Dock,  liTerpodU 

864.  Morgan,  Joahna  Llewelyn,  Eingscombe,  near  Oowbridge. 
849.  Morrison,  Bobert,  Onsebnm  Engine  Works,  Newcastle-on-^^pie. 

866.  Morton,  Bobert,  Brass  Works,  Stockton-on-Tees. 

865.  Mosse,  James  Bobert,  Mauitins  Bailways,  Fort  Lows,  Manritina. 
858.  Monntain,  Charles  George,  SnfFoik  Works,  Berkley  Street,  Birmingham. 
868.  ^nir,   William,    Britannia    Works,    Sherborne    Street,    Strsngeways^ 

Manchester. 

857.  Mnntz,  George  Fredemk,  French  Walls,  near  Binningham. 
865.  Mnrdook,  William  Mallabey,  Eagle  Fonndxy,  Northampton. 

1859.  Murphy,  James,  Bailway  Works,  Newport,  Monmouthshire. 

858.  Mmray,  Thomas  H.,  Engine  Works,  Chester-le-Street,  near  Fenpe  Honaee. 
868.  Mnsgrave,  John,  Jim.,  Globe  Iron  Works,  Bolton. 

848.  Napier,  John,  Ynlcan  Fomidiy,  Glasgow. 
856.  Napier,    Robert,  West    Shandon,   Helensbv^gh,  near  GKaqgow.      (Lif0 

861.  Naylor,  John  Willism,  Wellington  Fouidiy,  Looda. 
858.  Naylor,  William,  Great  Indian  Pemnsola  Bailway,  8  New  Qroad  Street, 
London,  E.G. 
1868.  Neilson,  .Walter  Montgomerie,  Hyde  Fade  Looomo^ve  Work]^  CMgcw. 
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1800.  Nettlelbld,  Joseph  Henvj,  Screw  Works,  Broad  Street,  Binxdngham. 
186&  NewaD,  Jamee,  East  LoDoaahire  Bailway,  Oarriage  Department,  Bwry, 


1862.  Newton,  William  Edward,  06  Chanoeiy  Lane,  London,  W.G. 

1858.  Nichol,  Peter  Bale,  LocomotiYe  Superintendent,  East  Lidian  Bailway, 

Allahabad,    India  t     (or    oare     of    Anthony     Niohol,     19     Qiiay, 

Newcastle-on-l^e.) 
186a  Nonis,  Riohard  Stuart,  272  Upper  Parliament  Street,  Liverpool. 


1864^  Ommaimey,  IVederiok  Franoisj  Hew  Briclge  Fonadiy,  Adelphi  Street* 

Salfbrd,  Manchester. 
1847.  Owen,  William,  Phoenix  Wheel  Tjn  and  Axle  Works,  Botherham. 

1869.  Paqinn,  Jean  KanQois,  Looranotiye  Superintendent,  Madrid  Saragossa  and 

Alicante  Bailwajs^  Madrid,  Spain* 
186&  Ftakes,  Alexander,  Stephenson  Metal  Tube  Works,  Liyerpool  Street, 

Birmingham. 
1860.  Parian,  John,  Harvest  Lane  Steel  Works,  Sheffield. 
1847.  Peacock,  Biduund,  MesBrs.  Beyer  Peaoook  and  Oo»,  Gorton  IVnmdiy, 


1848.  Fterson,  John,  7  Old  Hall  Street,  LiTerpooL 

1869.  Peet,  Hemy ,  London  and  North  Western  BaStwi^,  LoocmotiTe  Peparbnent, 

Wolverton. 
1848.  Penn,  John,  The  Oedars,  Lee,  Kent,  S.E.    {Life  Memlm:) 
1861.  Perkins,  Loftus,  6  Francis  Street,  Begent  Square,  London,  W.O. 
1856.  Perring,  John  Shae,  104  King  Street,  Manchester. 
1808.  Perry,  Thomas  J.,  Highfields  Engine  Works,  Bilston. 
186&  Parry,  William,  Messrs.  Samuel  Perry  and  Sons,  Wednesbuzy. 

1860.  Peyton,  Edward,  Bordesl^  Works,  Birmingham. 

1856.  Piggott,  George,  Birmingham  Heath  Boiler  Works,  Birmingham. 

1854u  POkington,   Bidhard,   Jun.,   46   Leamington   Boad  Villas,  Bayswater, 

London,  W. 
1869:  Pitts,  Joseph,  Old  Foundry,  Stanningley,  near  Leeds. 
1859.  Piatt,  John,  Hartford  Iron  Works,  Oldham. 
1808.  Player,  John,  Horton,  near  Stodkton-on-TeeflL 

1861.  Plum,  Thomas  William,  Barensdale  Iron  Works,  Tunstall,  near  Stoke- 

upun*1Vent. 
1856.  Pollard,  John,  Midland  Junction  Foundry,  Leeds. 

1800.  Pon8onby,'Edward  Tincent,  Engineer,  Great  Western  lUulway,  Worcester. 

1862.  Potter,  John  Henderson,  Efaro  Works,  TiYidaLe,  near  Tipton. 

1801.  Porter,  Bobert,  Ebro  Works,  Tiridale,  near  Tipton. 

1864b  Bottsi  Beiijamin  Laagfbrd  Voster,  160  Oamberwell  0x079^  London,  S. 


ZZ.  LIST  OF  MEUBBBS. 

1851.  Potts,  John  Thorpe,  8  East  Parade,  Sheffield. 

1866.  Pratohitt,  William,  Denton  Iron  Works,  Carlisle. 

1856.  Preston,  Francis,  Anooats  Bridge  Works,  Ardwick,  Manchester. 

1862.  Bake,  Alfred  Stansfield,  East  Howden,  near  Newcastle-on-Tyne. 

1864.  Bamag^,  Bobert,  Locomotive  Superintendent,  Midland  Great  Western 

Bailway,  Dublin. 

1847.  Bamsbottom,    John,    Looomotiye    Superintendent,    London   and  Korth 

Western  Bailway,  Crewe. 
1860.  Bansome,  Allen,  Jan.,  Messrs.  Worssam  and  Co.,  King's  Boad,  Chelsea, 

London,  S.W. 
1862.  Bansome,  Bobert  James,  Orwell  Works,  Ipswich. 
1862.  Bavenhill,  John  B.,  Glass  House  Fields,  Batcliff,  London,  E. 
1859.  Bennie,  George  Banks,  89  Wilton  Crescent,  Belgrave  Square,  London,  S.W. 

1862.  Beynolds,  Edward,  Don  Steel  Works,  Sheffield. 

1868.  Bichards,  Edwin,  Nantyglo  Iron  Works,  near  Newport,  Monmouthshire. 

1865.  Bichards,  Job,  Babone  Bridge  Iron  Works,  Smethwick,  near  Birmingham, 
1856.  Bichards,  Josiah,  Abersychan  Iron  Works,  Pontypool. 

1863.  Biohardson,  Edward,  Engineer,  Lyttelton,  Kew  Zealand. 

1865.  Bichardson,  John,  Eng^eer  to  the  Corporation  and  the  Water  Works, 
Gloucester. 

1858.  Biohardson,  Thomas,  Hartlepool  Iron  Works,  HartlepooL 

1859.  Biohardson,  William,  Hartford  Iron  Works,  Oldham. 
1865.  Bideal,  Samuel,  18  Hopwood  Avenue,  Manchester. 

1868.  Bigbj,  Samuel,  Cock  Hedge  Mill,  Wajmngton. 

1848.  Bobertson,  Henry,  Great  Western  Bailway,  Shrewsbury. 
1865.  Bobey,  Bobert,  Perseverance  Iron  Works,  Lincoln. 

1869.  Bobinson,  John,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works,  Manchester. 
1865.  Bobinson,  John,  Bailway  Works,  Bochdale. 

1853.  Bonayne,  Joseph  P.,  4  Harbour  Hill,  Queenstown. 

1856.  Bouse,  Frederick,  Great  Northern  Bailway,  Locomotive  Department, 

Boston. 

1857.  Bcutledge,  William,  New   Bridge    Foundiy,   Adelphi    Street,   Salford, 

Manchester 

1860.  Bumble,  Thomas  William,  5  Westminster  Chambers,  Victoria  Streeii^ 

Westminster,  S.W. 
1847.  BuBsell,  John  Scott,  20  Great  George  Street,  Westminster,  S.W. 

1863.  Byder,  William,  Bark  Street,  Bolton. 

1859.  Sacr^,  Charles,  Locomotive  Superintendent,  Manchester  Sheffield  and 
Lmoolnahire  Bailway,  Gorton,  near  Manchester. 

1864.  Said,  Colonel  M.,  Bey,  Engineer,  Turkish  Service,  CoDstantinople :  (or  care 

of  J.  C.  Frank  Lee,  22  Great  George  Street,  Westminster,  S.W.) 
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1859.  Salt,  Goozge,  Saltaure,  near  Bradford,  TorkBhire. 

1864b  Samnda,  Josepli  lyAgaQar,  M.P.,  Iron  Ship  Building  Yard,  Isle  of  Dogs, 

Fofplar,  London,  E. 
184&  Sanmel,  James,  26  Gkeat  George  Street,  Westminster,  S.W. 
1857.  Samnelaon,  Alexander,  27  Comhill,  London,  E.G. 

1866.  Samnelson,  Bemhard,  M.P.,  Britannia /Iron  Works,  Banbury. 
1857.  Samnelson,  Kartin,  Soott  Street  Foundry,  Hull. 

1865.  Sandberg,  dinster  Peter,  Engineer,  Swedish  QovemmentBaQway  Servioe, 
Stockholm,  Sweden :  (or  care  of  Messrs.  Tottie  and  Sons,  2  Alderman's 
Walk,  Bishopf^ate  Street,  London,  E.G.) 

1861.  Sanderson,  George  Grant,  Parkgate  Iron  Works,  Botherbam. 

186^  Sanderson,  John,  Looomotiye  Superintendent,  Whitehayen  Gleator  and 
Egremont  Bailway,  Moor  Bow,  near  Whitehaven. 

1860.  Sofaneidar,  Henry  William,  M.P.,   Ulverstone   Heematite   Iron  Woiks, 

BaiTOW,  near  ITlyerstone. 
1865.  Soott,  Edward,  10  Tib  Lane,  Gross  Street,  Manohester. 

1861.  Soott,    Walter     Henry,    Looomotiye    and    Garriage    Superintendent, 

Haoiitius  Bailways,  Port  Louis,  Hanritiua  :  (or  oare  of  Joseph  Beid, 
49  Amndel  Square,  London,  N.) 

1864.  Seddcm,  John,  31  King  Street,  Wigan. 

1867.  Selby,  Geozge  Thomas,  Smethwick  Tube  Works,  Birmingham. 

1865.  SeDers,  WiUiam,  Pennsylyania  Ayenue,  Philadelphia,  United  States. 

1850.  Shanks,  Andrew,  6  Bobert  Street,  Adelphi,  London,  W.G. 
1863.  Sharp,  Henry,  Bolton  Iron  and  Steel  Works,  Bolton. 

1862.  Sharpe,  William  John,  1  iPlotoria  Street,  Westminster,  S.W. 
1864b  Shaw,  Duncan,  Mining  Engineer,  Gordoya,  Spain. 

1856.  Shelley,  Gharles  Percy  Bysshe,  21  Parliament  Street,  Westminster,  S.W. 

1861.  Shepherd,  John,  Union  Foundry,  Hunslet  Boad,  Leeds. 
1869.  Shuttleworth,  Joseph,  Stamp  End  Iron  Works,  Lincoln. 

1851.  Siemens,  Gharles  William,  8  Great  George  Street,  Westminster,  S.W. 

1862.  Silyester,  John,  Messrs.  George  Salter  and  Co,,  Spring  Balance  Works, 

Weeibromwich. 
1847.  Sinclair,  Bobert,  Great  Eastern  Bailway,  Stratford,  London,  E. 

1857.  Sinclair,  Bobert  Gooper,  18  Bennett's  Hill,  Birmingham. 
1869.  Slater,  Isaac,  Gloooester  Wagon  Works,  Glonoester. 

1858.  Slaughter,  Edward,  Ayonside  Engine  Works,  BristoL 
1854.  Smith,  George,  Wellington  Boad,  Dudley. 

1860.  Smith,  Hemy,  Biierley  Hill  Iron  Works,  Brierley  HilL 
1858.  Smith,  Isaac,  86  Lancaster  Street,  Birmingham. 
1860.  Smith,  John,  Brass  Foundry,  Traffic  Street,  Derby. 
1857.  Smith,  Jooiah  Timmis,  Ulyerstone  Hsematite  Iron  Works,  Barrow,  near 
Uhreirstone. 


Xdi.  LIST  OF  USHBEBII. 

1869.  Sxuitli,  Matthew,  Caledonia  Wire  Mills,  Hallfaac 

1860.  Smith,  Biohard,  Berry  Hill,  Lichfield. 

1867.  Smith,  William,  19  Salisbury  Street,  Adelphi,  London,  W.O. 

1863.  Smith,    William    Ford,    Greeley   Lxm   Works,    Ordsal    Lane,    Salford, 

Manchester. 

1867.  Snowdon,  Thomas,  147  High  Street,  Stockton-on-Tees. 

1869.  Sokoloff,  Gapt.  Alexander,  Engineer,  Bnssian  Imperial  Sendee,  Steam 
Marine  Department,  Cronstadt,  Bnssia :  (or  care  of  Messrs.  W.  Collier 
and  Co.,  S  Qreengate,  Salford,  Manchester.) 

1868.  Somerrille,  Wallace  Cochrane,  London  Works,  Birmingham. 

1868.  S5rensen,  Bergerins,  Bngineer-in-Chief,  Boyal  Norwegian  Navy  Depart- 

ment, Horten  Dockyard,  Norway :  (or  care  of  Messrs.  Tottie  and  Sons^ 
2  Alderman's  Walk,  Bishopsgate  Street,  London,  E.C.) 
1866.  SpaiTOW,  Arthur,  Lane  End  Iron.  Works,  Longton,  near  Stoke-vpon-Trentw 
1866.  Sparrow,  WHliam  Mander,  Osier  Bed  Jiod.  Worics,  WolTerhampton. 

1869.  Spencer,  John  Frederick,  8  St.  Nicholas  BnHdings,  Newcastle-on-Tyne. 

1868.  Spencer,  Thomas,  Old  ^ark  Works,  near  Shiffiial. 

1864  Spencer,  Thomas,  Newborn  Steel  Works,  Newoastle-on-T7neb 

1864.  Spittle,  Thomas,  Cambrian  Iron  Foundry,  Newport,  Monmouthshire. 
1862.  Stableford,  William,  Oldbnry  Carriage  Works,  near  Birmingham. 

1869.  Stewart,  Charles  P.,  Messrs.  Shaip   Stewart  and  Ca,  Atlas   Works, 

Manchester. 

1861.  Stewart,   John,    Blackwall    Iron    Works,   Bossell    Street,   Bladcwall^ 

London,  B. 
1864  Stokes,  James  FoUiott,  Meole  Brace,  Shrewsbuiy. 

1868.  Storey,  John  Henry,  Knott  Mill  Brass  and  Copper  Works,  Little  Peter 

Street,  Manchester. 

1862.  Strong,  Joseph  F.,  Besident  Engineer,  Bast  Indian  Baalway,  Oawn|»orei 

India. 
1866»  Stroudley,   William,    LooomotiYe    Superintendent^    Highland    Bailiray, 

Inyemess. 
1861.  Sumner,  William,  21  Clarence  Street,  Manchester. 

1860.  Swindell,  James  Bvers,  Parkhead  Iron  Works,  Dudley. 

1864.  Swindell,  James  Swmdell  Evers,  Cradley  Iron  Works,  near  Brieriey  HOL 

1869.  Swingler,  Thomas,  Yiotoria  Fonndiy,  latdmroh,  near  Derby. 

1861.  Tangye,  James,  Cornwall  Works,  Clement  Street,  Birminghaan. 
1869.  Tannett,  Thomas,  Yiotoria  Foundry,  Leeds. 

1861.  Taylor,  George,  Clarence  Iron  Works,  Leeds. 

1868.  Taylor,  James,  Britannia  Engine  Works,  Clereland  Street,  Birkenhead. 

1862.  Taylor,  John,  Mining  Engineer,  6  Queen  Street  Place,  Upper  Thames 

Street,  London,  E.C. 
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1862.  Taykr,  Kohard,  Hizimg  Sugineer,  6  Quesii  Sfareet  Tlaoe,  Upper  Hiamafl 

Street,  London^  E.G. 
1661.  Tennaat,   ChazleB,    Tho    Glen,    Inserleitheii,    near   Ediidsiirgh.      (Li^e 

Jlember.) 

1864.  ThoniaB,  Thomas,  Cljde  Honse,  Canton,  OardiiF. 
1857.  Thomjison,  Bobert,  Haigh  SVnmdiy,  near  Wigan. 

1862.  Thompson,  William,  Spring  Gardens  Engine  Works,  Newioa8tl&*an«^3W. 
18S2.  Thomson,  George,  Orookhay  Iron  Works,  Westbiromwich. 

1865.  Thorn,  Alexander,  Steam  Saw  Mills,  Chelsea,  London,  S.W. 

1861.  Thwaites,  Bobinson,  Yulcan    Iron  Works,   Thornton   Bood,    Bradfard, 

Torkahlre. 
1865.  Tickle,  John,  Providenoe  Engine  Works,  Westbronnridi* 
1062.  Tijon,  William,  9  Great  George  Street,  Westminster,  S.W. 

1861.  Tipping,  Isaac,  H.  M.  Gun  Carriage  Manufactory,  Madras,  India :  (or  care 

of  H.  Tipping,  Bridgewater  Foundry,  Fatricrofb,  near  Manobarter.) 

1862.  Tolm^,  Julian  Horn,  1  Yiotoria  Street,  Westminster,  S.W. 

1863.  Tomlinson,  Edward,  Miles  Flatting  Works,  Elm  Street,  Manoheater. 
1857.  Tomlinson,  Joseph,  Jan.,  LooomotiTe  Superintendent,  Taff  Yale  Bailwa^, 

Cardiff. 
1865.  Toomey,  Edward,  Boyal  Fhcemz  Iron  Worics,  DuMku 
1856w  Tosh,  George,  Looomotire  Superintendant,  Maryport  and  Carlisle  Bwhra^^ 

Maryport. 

1860.  Townsend,  Thomas  C,  16  Talbot  Chambers,  Shrewabmy. 
1863.  Townsend,  William,  West  Orchard,  Corentry. 

1865.  Trow,  John  Jamee,  Messrs.  William 'Trow  and  Sons,  WedaflBbmy. 

1862.  IVoward,  Charles,  Great  Northern  Bailwi^,   I«ooomotiva  Department, 

Doncaster. 
1869.  Tmer,  Edwin,  Bowling  Iron  Woiks,  near  Bradford,  Yorkshire. 

1866.  l^ler,  Capt.  Henry  Wheetley,  B.E.,  BaHway  Department,  Board  of  Trade, 

Whitehall,  London,  S.W. 

1B62.  Upward,  Al&ed,  Engineer,  Chartered  Gas  Works,  146  Goswell  Street, 

London,  E.C. 
1866.  Uaher,  Geocge  Moon,  Beverley  Iron  Works,  Beveiiey. 

Ifi62.  Yanraeaeur,  Josiah,  Bear  Lame,  Sonthwark  Street,  London,  S.E. 
1856.  Yemon,  John,  Iron  Ship  Building  Yard,  Brunswick  Dock,  lirevpool. 
1866.  Ykkera,  Albert,  Don  Steel  Works,  Sheffield. 

1861.  Yickers,  Thomas  Edward,  Don  Steel  Works,  Sheffield. 

1856.  Waddington,  John,  New  Dock  Iron  Works,  Leeds. 
1856.  Waddington,  Tlunas,  New  Dock  Iron  Works,  Leeda* 
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1865.  WainwrigM,  WQliam,  Great  Western  Bailway,  Looomotire  Deparhnent, 

Worcester. 
1868.  Wakefield,   John,    LooomotiTe    Saperintendent,    Dablin   Wicklow    and 
Wexford  Bailway,  Dublin. 

1864.  Walker,  Bernard  Feord,  Junction  Cut  Nail  Works,  Wolyerliampton. 

1861.  Walker,  John  G.,  Ketherton  Iron  Works,  near  Dudley. 
1847.  Walker,  Thomas,  Patent  Shaft  Works,  Wednesbury. 
1863.  Walker,  William  Hngill,  Wicker  Iron  Works,  Sheffield. 

1863.  Wallace,  William,  Superintending  Engineer,  Montreal  Ocean  Steam  Ship 

,  Company,  Liyerpool. 

1866.  Waller,  G^rge  Arthur,  Messrs.  Guinness,  James'  Grate,  Dublin. 

1865.  Walpole,  Thomas,  Fort  of  Dublin  Ship  Yard,  Dublin. 

1864.  Warden,  Walter  Evers,  Fhceniz  Bolt  and  Nut  Works,  Glo7er  Street, 

Birmingham. 
1856.  Wardle,  Charles  Wetherell,  Boyne  Engine  Works,  Hunslet,  Leeds. 
1852.  Warham,  John  B.,  Burton  Iron  Works,  Burton-on-Trent. 

1862.  Watkins,  Eichard,  Canal  Iron  Works,  Foplar,  London,  E. 

1862.  Webb,  Francis  William,  London  and  North  Western  Bailway,  LooomotiYe 

Department,  Crewe. 
1862.  Webb,  Henry  Arthur,  Bretwell  Hall  Iron  Works,  near  Stourbridge. 
1860.  Weild,  William,  Queen's  Chambers,  Market  Street,  Manchester. 
1862.  Wells,  Charles,  Mozley  Iron  Works,  near  Bilston. 

1862.  Westmacott,  Fercy  G.  B.,  Elswick  Engine  Works,  Newcastle-on-Tyne. 
1856.  Wheeldon,  Frederick  B.,  Highfields  Engine  Works,  Bilston. 

1864.  White,  Isaiah,  Messrs.   Fortilla  and  White,  Engineers  and  Iron  Ship 

Builders,  Seville,  Spain :    (or  care    of   Isaac   White,    Fontardulais, 

Llanelly.) 
1859.  Whitham,  James,  Ferseyerance  Iron  Works,  Kirkstall  Boad,  Le«dfl. 
1859.  Whitham,  Joseph,  Ferseverance  Iron  Works,  Kirkstall  Boad,  Leeds. 

1863.  Whitley,  Joseph,  New  British  Iron  Works,  ComgreaTes,  near  Binningham. 
18^.  Whitworth,  Joseph,  Chorlton  Street,  Manchester. 

1852.  Whytehead,  William    Keld,    Engineer-in-Chief  to  the    Gtoyemment  of 

Faraguay :  32  Cambridge  Street,  Eccleston  Square,  London,  S.W. 
1859.  Wickham,  Henry  Wickham,  M.F.,  Low  Moor  Iron  Works,  near  Bradford 

Yorkshire. 
1859.  Wickham,  Lamplugh  Wickham,  Low  Moor  Iron  Works,  near  Bradford, 

Yorkshire. 
1863.  Wicksteed,  Thomas,  8  Torquay  Terrace,  Headingley,  near  Leeds.     (Life 

Ifeniber.) 

1865.  Williams,    Edward,    Messrs.    Bolckow    and    Yaughan's    Iron    WoricB, 

Middlesbrough. 
1847.  Williams,  Biohard,  Patent  Shaft  Works,  Wednesbury. 
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1859.  WiUittiia,  Bichard  Price,  Stocksbridge  Works,  Deepoar,  near  SheiBeld. 

1S56.  Wilaon,  Edward,  Great  Western  Bailway,  Worcester. 

1BS9.  WHson,  George,  Cyclops  Steel  and  Iron  Works,  Sheffield. 

1866.  Wilson,  James  Edwards,  Engineer,  Indian  Branch  Bailways ;  1  WeBtminster 

Bafldings,  Westminster,  S.W. 
1863.  Wilson,  John  Charles,  East  India  House,  5  Lime  Street,  London,  B.O. 
1852.  Wilson,  Joseph  W.,  9  Bnckingham  Street,  Strand,  London,  W.C. 

1857.  Wilson,  Bobert,  Bridgewater  Fomidry,  Fatricroft,  near  HanoheBter. 
1860.  Wilson,  William,  4  Victoria  Street,  Westminster,  8.W. 

1865.  Winby,  Clifford  Etches,  Atlas  Iron  Works,  Cardiff. 

1862.  Winby,  William  Edward,  (Hd  Park  Iron  Works,  Wednesbnry. 

1859.  Winter,  Thomas  Bradbnry,  28  Hoorgate  Street,  London,  E.C. 

1863.  Wise,    Francis,    Chandos    Chambers,    Bnckingham    Street,    Adelphi, 

London,  W.C. 

1858.  Wood,  Nicholas,  Hetton  Hall,  Hetton,  near  Fence  Honses. 
1865.  Woodall,  Solomon,  Windmill  End  Boiler  Works,  near  Dndley. 
1848.  Woodhonse,  Henry,  London  and  North  Western  Bailway,  Stafford. 
1851.  Woodhonse,  John  Thomas,  Mining  Engineer,  Midland  Boad,  Derby. 

1858.  Woods,  Hamilton,  Messrs.  Allsopp  and  Sons,  Borton^on-Trent. 

1860.  Worthing^n,   Samnel  Barton,  Engineer,   London  and  North  Western 

Bailway,  Manchester. 

1859.  Wright,  Joseph,  Metropolitan  Carriage  and  Wagon  Company,   Saltley 

Woiks,  Birmingham. 

1860.  Wright,  Joseph,  Neptmie  Forge,  Tipton  Green,  Dndley. 
1863.  Wright,  Owen,  Broadwell  Forge,  Oldbnry,  near  Birmingham. 
1863.  Wright,  Peter,  Bailway  Wheel  Vice  and  Anchor. Works,  Dndley. 

1865.  Wyllie,  Andrew,  YanzhaU  Foundry,  LiyerpooL 

1863.  Wymer,  Francis  W.,  Superintending  Engineer,  Tyne  Steam  Shipping 
Company,  Quayside,  Newcastle-on-l^e. 

1861.  Yule,  William,  Neresky  Fonndiy,  St.  Petersburg,  Bussia. 

HONOBABY  LIFE  MEMBEBS. 

1866.  Downing,  Samnel,  LL.D.,  Museum  Building,  Trinity  College,  Dublin. 

1847.  Fairbaim,  William,  LL.D.,  The  Polygon,  Ardwiok,  Manchester. 

HONOBABY  MEMBEBS. 

1866.  Barker,  Frederick,  Leeds  Iron  Works,  Leeds. 

1848.  Branson,  George,  Belmont  Bow,  Birmingham. 
1864k  Branson,  Joseph  W.,  Belmont  Bow,  Birmingham. 
1863.  Brockbank,  William,  87  Princess  Street,  Manchester. 


ZZn.  LIST  OT  MEXBSBS. 

863.  Butler,  William,  15  Bilbao  Street,  Cadiz,  Spain. 
851.  Clare,  Thomas  Deykin,  Carres  Lane,  Birmingham. 
848.  Croflbj,  Samuel,  Leek  Street,  Birmingham. 

1863.  Fairbaim,  John,  Famley  Iron  Worka,  Leeds. 
863.  Fisher,  John,  Priory  Street,  Dudley. 
863.  Forster,  Geoi*ge  Emmerson,  Collingwood  Chambers,  Neiroastle-onp^^pe. 

865.  GRyssell,  Otto,  22  Moorgate  Street,  London,  E.C. 

863.  Haokney,  William,  3  Qreat  George  Street,  Westminster,  S.W. 

866.  Hall,  John,  Lanoashire  Steel  Co.,  Gorton  Lane,  Manchester. 

864.  Homblower,  Joseph  Wells,  14  Waterloo  Street,  Birmingham. 
860.  Hutohinson,  William,  Blue  Lias  Lime  Stone  Offices,  Lyme  Begis. 

858.  Lawton,  Benjamin  C,  Bonwell  Grange,  Newcastle-on-TTne. 

859.  Leather,  John  Towlerton,  Leventhorpe  Hall,  near  Leeds.     (XV^  Member, y 

865.  Longsdon,  Alfred,  11  New  Broad  Street,  London,  E.C. 

860.  Manby,  Cordy,  Tower  Street,  Dudley. 

863.  Nichols,  William,  Midland  Copper  Works,  Gnild  Street,  Burtan-on-Trant. 
865.  Parry,  David,  Leeds  Iron  Works,  Leeds. 

864.  Parsons,  Charles  T.,  Ann  Street,  Birmingham. 
856.  Pettifor,  Joseph,  Midland  Bailway,  Derby. 
864.  Peyton,  Abel,  Oakhurst,  Church  Boad,  Edgbaston,  Birmingham. 

861.  Batcliff,  Charles,  Wyddrington,  Edgbaston,  Birmingham. 
863.  Bigg,  Arthmr,  The  College,  Chester. 
859.  Sherriff,  Alexander  Clunes,  Great  Western  Bailway,  Woroester. 

863.  Storey,  Thomas  B.,  17  Gracechurch  Street,  London,  E.G. 

1864.  Tennant,  John,  St.  Bollox  Chemical  Works,  Glasgow.     {Life  Member,) 

864.  Thornton,  Falkland  Samuel,  Bradford  Street,  Birmingham. 

865.  Warden,  Thomas,  Lionel  Street,  Birmingham. 
848.  Warden,  William  Marston,  Edgbaston  Street,  Birmingham. 
858.  Waterhouse,  Thomas,  Claremont  Place,  Sheffield. 

862.  Whitehead,  William,  Don  Steel  Works,  Sheffield. 
865.  Whitley,  Joseph,  Bowman  Lane,  Leeds. 

863.  Woolley,  John,  Marehay  Collieiy,  Bipley,  near  Derby. 

GBADUATES. 

1860.  GlydoQ,  George,  Spring  Hill  Tube   and  Metal  Works,   Eyre   Street, 

Birmingham. 

1865.  Hewett,  Edward  Edwards,  Midland  Bailway,  Looomotive  Department, 

Derby. 

1861.  Middleton,    Henry    Charles,   Vulcan    Iron    Fonndry,    Summer    Lane, 

Birmingham. 


PROCEEDINGS. 


26  Januabt,  1865. 


The  SiOHTECNTH  AjTNiYEBSABT  Meetiko  of  the  Members  was  held 
in  the  Liectnre  Theatre  of  the  Midland  Institute,  Birmingham, 
on  Thnraday,  26th  January,  1865 ;  Robert  Napier,  Esq.,  President, 
in  the  Chair. 

The   Minutes    of  the  last    General   Meeting   were    read   and 
cxmfinned. 

The  Secretary  then  read  the  following 

ANNUAL  REPORT  OP  THE  COUNCIL. 

1865. 

The  Council  have  great  pleasure,  on  this  the  Eighteenth 
Anniversary  of  the  Institution,  in  congratulating  the  Members  on 
the  very  satis&ctory  position  and  the  continued  progress  of  the 
Institution. 

The  Financial  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  31st  December  1864  shows  a  balance  in  the  Treasurer's 
hands  of  £2901  Ids.  bd.  after  the  payment  of  the  accounts  due  to 
that  date.  The  Finance  Committee  have  examined  and  checked 
the  receipts  and  payments  of  the  Institution  for  the  last  year  18G4, 
and  report  that  the  following  Balance  Sheet  rendered  by  the 
Treasnier  is  correct.     (See  Balcmce  Sheet  amended,) 

The  Conndl  report  with  great  satis&ction  the  continued  increase 
in  the  number  of  Members  that  has  taken  place  during  the  last  year ; 
the  total  number  of  Members  of  all  classes  for  the  year  being  572, 
of  whom  12  are  life  Members,  29  are  Honorary  Members,  and  2  are 
Graduates,  being  an  effective  increase  of  32  during  the  year. 

D 


2  ANNUAL   REPORT. 

The  following  deceases   of  Members  of  the   Institntion  have 

occurred  during  the  last  year  1864: — 

Jamss  Allen, Manchester. 

WiLLDLM  Harrison  Barwsll,  Northampton. 

William  Steel  Brown,  .        .        .  Glasgow. 

John  Fowler,     ....  Leeds. 

John  Hedley,         ....  Newcastle-on-Tyne. 

Edwin  Marshall,  Birmingham. 

George  Macret  Miller,  .  Dublin. 

William  Simpson,       .  .  London. 

Ghajlles  Lingard  Stokes,     .  London. 

William  Henry  Woodhousb,  London. 

The  Council  have  the  pleasure  of  acknowledging  the  following 
Donations  to  the  Library  of  the  Institution  during  the  past  year ; 
and  also  of  expressing  their  thanks  to  the  Donors  for  the  valuable 
and  acceptable  additions  they  have  presented.  The  Council  wish 
to  urge  on  the  attention  of  the  Members  the  important  advantage 
of  obtaining  a  good  collection  of  Engineering  Books,  Drawings, 
and  Models  in  the  Institution,  for  the  purpose  of  reference  by  the 
Members  personally  or  by  correspondence;  and  they  trust  this 
desirable  object  will  be  promoted  by  the  Members  generally,  so  that 
by  their  united  aid  it  may  be  efficiently  accomplished.  Members 
are  requested  to  present  copies  of  their  Works  to  the  Library  of  the 
Institution. 

LIST  OF  DONATIONS  TO  THE  LIBRARY. 

Treatise  on  Practical  Hydraulics,  by  Samuel  Downing ;  finom  the  author. 
Description  of  Haarlem  Lake  Drainage,  by  Samuel  Downing ;  from  the  author. 
The  Exhibited  Machineiy  of  1862,  by  D.  K.  Clark ;  from  the  President. 
On  the  Combustion  of  Coal,  by  C.  Wye  Williams ;  from  Mr.  Zerah  Colbum. 
Papers  on  Iron,  and  on  the  effect  of  Impact  upon  Wrought  Iron  Girders,  by 

William  Fairbaim ;  from  the  author. 
On  the  Rolling  &c.  of  Ships,  by  W.  J.  Macquom  Rankine ;  from  the  author. 
Proceedings  of  the  Institution  of  Ciril  Engineers ;  from  the  Institution. 
Report  of  the  British  Association  for  the  advancement  of  Science;  from  the 

Association. 
Collection  of  Drawings  of  the  Eoole  Imp^riale  des  Ponts  et  Chauss^s,  Paris; 

from  the  Ecole. 
Proceedings  of  the  French  Institution  of  Civil  Engineers ;  from  the  Institution. 
Transactions  of  the  Institution  of  Civil  Engineers  of  Ireland ;  from  the  Institution. 
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Traauactions  of  ihe  Institation  of  Engineers  in  Scotland ;  from  the  Institution. 
Proceedings  of  the  South.  Wales  Institute  of  Engineers ;  from  the  Institute. 
Journal  of  the  Architect  and  Engineer's  Society  for  the  kingdom  of  Hannover ; 

from  ihe  Society. 
Journal  of  the  Hojal  TJnited  Service  Institution ;  from  the  Institution. 
Proceedings  of  the  Hoyal  Institution  of  Great  Britain ;  from  the  Institution. 
Transactions  of  the  Boyal  Scottish  Society  of  Arts ;  from  the  Society. 
Ueport  of  the  Manchester  Association  for  the  Prevention  of  Steam  Boiler 

Sxplosions ;  frt>m  the  Association. 
Journal  of  the  Board  of  Arts  and  Manufactures  for  Upper  Canada ;  fix>m  the 

Board. 
United  States  Patent  Office  Beport ;  from  the  Commissioners. 
Beport  of  Parliamentary  Committee  on  Patent  Library  and  Museum;  from 

Mr.  Edward  A.  Cowper. 
Journal  of  the  Society  of  Arts ;  from  the  Society. 
The  Engineer ;  from  the  Editor. 
The  Mechanifit^  Magazine ;  from  the  Editor. 
The  Civil  Engineer  and  Architect's  Journal ;  from  the  Editor. 
The  London  Journal  of  Arts ;  from  the  Editor. 
The  Artizan  Journal ;  from  the  Editor. 
The  Practical  Mechanic's  Journal ;  from  the  Editor. 
The  MiniTig  Journal ;  from  the  Editor. 
The  Bailway  Becord ;  from  the  Editor. 
The  Steam  Shipping  Journal ;  from  the  Editor. 
Bust  of  Mr.  William  Fairbaim ;  from  Mr.  Edward  W.  Wyon. 

The  Council  have  great  satisfaction  in  referring  to  the  number 
and  character  of  the  Papers  that  have  been  brought  before  the 
meetings  during  the  past  year,  and  the  practical  value  and  interest 
of  the  communications  and  the  discussions  that  took  place  upon 
them,  which  form  a  valuable  addition  to  the  Proceedings  of  the 
Institution.  The  Council  request  the  special  attention  of  the 
Members  to  the  importance  of  their  aid  and  co-operation  in 
carrying  out  the  objects  of  the  Institution  and  maintaining  its 
advanced  position,  by  contributing  papers  on  Engineering  subjects 
that  have  come  under  their  observation,  and  communicating  the 
particulars  and  results  of  executed  works  and  practical  experiments 
that  may  be  serviceable  and  interesting  to  the  Members ;  and  they 
invite  communications  upon  the  subjects  in  the  list  appended  and 
other  subjects  advantageous  to  the  Institution. 


4  kSmJAL  RBPOBT. 

The  following  Papers  liave  been  read  at  the  Meetings  during 

the  last  year : — 

Deflcription  of  a  Machine  for  Breaking  Limestone  and  Ore  at  Kirkleas  Hall  Iron 

Works ;  by  Mr.  John  Lancaster,  of  Wigan. 
Description  of  a  Horizontal  V  Pomp ;  by  Mr.  John  J.  Birckel,  of  Lirerpool. 
On  the  improved  Traversing  Cranes  at  Orewe  Locomotive  Works ;  by  Mr.  John 

Bamsbottom,  of  Crewe. 
Description  of  Harrison's  Cast  Iron.  Steam  Boiler ;  by  Mr.  Zerah  Colbnm,  of 

London. 
On  the  Distribution  of  Weight  on  the  Axles  of  Locomotives;  by  Mr.  John 

Robinson,  of  Manchester. 
On  the  Mechanical  Appliances  of  the  Loch  Katrine  Water  Works  for  the  snpply 

of  Glasgow ;  by  Mr.  James  M.  Gsle,  of  Glasgow. 
On  the  Constraction  and  Besnlts  of  Working  of  the  large  Steam  Dredgers  on  the 

Clyde ;  by  Mr.  Andrew  Dmican,  of  .Glasgow. 
On  the  Working  and  Capacity  of  Blast  Fmimces  ;  by  Mr.  Charles  Oochrane,  of 

Dudley. 
On  improvements  in  Heavy  Tools  for  general  Engineering  and  Iron  Shipbmlding 

Work ;  by  Mr.  James  Eletoher,  of  Manchester. 
On  the  principal  Seams  of  Coal  and  Ltmstone  in  the  Glasgow  Coalfield ;  by  Mr. 

William  Moore,  of  Glasgow. 
On  the  Constraction  of  Blast  Fnmaces  and  the  Mannfactnre  of  Pig  Iron  in  the 

Cleveland  district  j  by  Mr.  Jarnos  George  Beckton,  of  Whitby. 
Description  of  a  Coal  Cntting  Machine ;  by  Mr.  Thomas  Levick,  of  Blaina. 
On  Paddling  Iron  by  Machinery ;  by  Mr.  Henry  Bennett,  of  Wombridge. 

The  Conncil  have  particular  pleasure  in  referring  to  the  great 
snccess  and  interest  of  the  Annual  Meeting  of  the  Institntion  that 
was  held  in  Glasgow  last  snmmer,  and  in  expressing  their  special 
thanks  to  the  Local  Committee,  the  Chairman  Mr.  Walter  M. 
Neilson,  and  the  Honorary  Local  Secretary  Mr.  J.  Wyllie  Gnild,  for 
their  excellent  arrangements  and  the  very  handsome  reception  that 
was  given  to  the  Members  of  the  Institntion  on  that  occasion ;  and 
also  their  thanks  to  the  anthorities  of  the  Edinburgh  and  Glasgow 
Bailway  for  the  special  arrangements  granted  for  the  excursions ; 
and  to  the  proprietors  of  the  works  that  were  so  liberally  thrown 
open  to  the  inspection  of  the  Members,  for  the  valuable  opportunity 
afforded  to  the  Members  for  seeing  their  works.  The  Council  refer 
particularly  to  the  great  advantage  afforded  to  the  Members  in  the 
admirable  opportunity  provided  them  for  visiting  the  important 
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warkB  of  the  Biver  Clyde  Navigatioii  and  the  Loch  Katrine  Water 
Works ;  and  they  offer  their  special  acknowledgments  to  the 
President,  Mr.  Bobert  Napier,  for  the  great  pleasure  afforded  to 
the  Members  bj  his  exceedingly  kind  and  hospitable  reception 
of  them  on  that  occasion,  at  his  residence  at  Shandon.  The  Council' 
look  forward  with  confidence  to  the  important  advantages  arising 
finom  the  continTiance  of  these  Annual  Meetings  in  different  parts  of 
the  ooontry,  from  the  fiunlities  afforded  by  them  for  the  personal 
commnnication  of  the  Members  in  different  districts  of  the  country 
and  the  opportnnitieB  of  visiting  the  important  engineering  works 
that  are  so  liberally  thrown  open  to  their  inspection  on  those 
occasions. 

The  President,  Vice-Presidents,  and  five  of  the  Members  of  the 
Council  in  rotation,  go  out  of  office  this  day,  according  to  the  rules 
of  the  Institution ;  and  the  ballot  will  be  taken  at  the  present 
Meeting  for  the  election  of  the  Officers  and  Council  for  the  ensuing 
year. 


SUBJECTS  FOR  PAPERS. 


8tkam  ExGiirE  BoiLESS,  pArticnlars  of  oonstniction — form  and  extent  of  heating 

snr&ce — ^relative  valne  of  radiant  snrface  and  flue  snrface  in  effect  and 

eoooomy — cost — oonsmnption  of  fuel — evaporation  of  water — ^pressnre  of 

steam — density  and  heat  of  steam — superheated  steam,  simple  or  mixed  with 

oommon  steam — ^pressure  gauges — safety  valves — ^water  gauges — eicplosion 

of  boilerB,  and  means  of  prevention — effects  of  heat  on  the  metal  of  boilers, 

low  pressure  and  high  pressure — steel  boilers — oast  iron  boilers — ^incrustation 

of  boilers,  and  means  of  prevention — effects  of  surface  condensers  on  the  metal 

of  boilers — evaporative  power  and  economy  of  different  kinds  of  fuel,  coal, 

-^rood,  charcoal,  peat,  patent  coal,  and  coke — moveable  grates,  and  smoke- 

coDsmning  apparatus,  facts  to  show  the  best  plan,  and  results  of  working — 

plans  for  heating  feod  water — mode  of  feeding — circulation  of  water. 

Stkam  E^guvks — expansive  force  of  steam,  and  best  means  of  using  it — power 

obtained  by  various  plans — comparison    of   double    and   single  cylinder 

engines — combined    engines — compound    cylinder    engines — comparative 

advantages  of  direct-acting  and  beam  engines — engines  for  manufacturing 

purposes — horizontal    and    vertical — condensing    and    non-condensing — 
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injection  and  enrfaoe  condensers — air  pnmps — governors — ^valves — ^bearings, 
&o. — improved  expansion  gear — indicator  diagrams  from  engines,  with 
details  of  useful  effect,  consumption  of  fnel,  &c, — contributions  of  indicator 
diagrams  for  reference  in  the  Institution. 

Pumping  Engines — ^particulars  of  various  constructions — Cornish  engines,  beam 
engines  with  crank  and  flywheel,  direct-acting  engines  with  and  withont 
flywheel — size  of  steam  cylinder  and  degree  of  expansion — ^number  and  size 
of  pumps,  and  strokes  per  minute — speed  of  piston — ^pressure  upon  pump — 
efifective  horse  power  and  duty — comparison  of  double-acting  and  single-actings 
pumping  engines — construction  of  pumps — ^plunger  pumps — ^bucket  ptunps 
— particular  details  of  dififerent  valves — india-rubber  valves,  durability  and 
results  of  working — diagrams  of  lift  of  valves' — application  of  pumps — fen- 
draining  engines — comparative  advantages  of  scoop  wheels  and  centrifugal 
pumps,  lifting  trough,  &o. — details  of  pit  work  of  pumping  engines  at  mines. 

Blast  Engines,  best  kind  of  engine — size  of  steam  cylinder,  strokes  per  minute, 
and  horse  power — details  of  boilers — size  of  blowing  cylinder,  and  strokes  per 
minute — ^pressure  of  blast,  and  means  of  regulation — construction  of  valves 
— ^improvements  in  blast  cylinders — ^rotary  blowing  machines — ^indicator 
diagrams  from  air  main  and  steam  cylinder. 

Habinb  Engines,  power  of  engines  in  proportion  to  tonnage-~different  oon- 
struotions  of  eng^ines,  double  cylinder  engines,  trunk  engines — ^use  of  steam 
jackets — dynamical  effect  compared  with  indicator  diagrams — comparative 
economy  and  durability  of  different  boilers,  tubular  boilers,  flat-flue  boilers, 
&o. — ^brine  pumps,  and  means  of  preventing  deposit — salinometers — ^weight 
of  machinery  and  boilers — ^kind  of  paddle  wheels — speed  obtained  in  British 
war  steamers,  in  British  merchant  steamers,  and  in  Foreign  ditto,  with 
particulars  of  the  construction  of  engines  with  paddle  wheels,  &c. — screw 
propellers,  particulars  of  different  kinds,  improvements  in  form  and  position, 
number  of  arms,  material,  means  for  unshipping,  bearings,  horse  power 
applied,  speed  obtained,  section  of  vessel — governors  and  storm  governors. 

BoTABY  Engines,  particulars  of  construction  and  practical  application — details 
of  results  of  working. 

Locomotive  Engines,  particulars  of  construction,  details  of  experiment?,  and 
results  of  working — consumption  of  ftiel — relative  value  and  evaporative 
duty  of  coke  and  coal— -consumption  of  smoke — use  of  wood  and  construe- 
tiou  of  spark  arresters — ^heating  surface,  length  and  diameter  of  tubes — 
material  of  tubes — experiments  on  size  of  tubes  and  blast  pipe — construction 
of  pistons,  valve  gear,  expansion  gear,  &o. — ^indicator  diagrams— expenses 
of  working  and  repairs — ^means  of  supplying  water  to  tenders — ^locomotives 
for  steep  gradients  and  sharp  curves — distribution  of  weight  on  wheels. 

Agricultural  Engines,  details  of  construction  and  results  of  working — duty 
obtained — application   of   machinery    and    steam    power   to  agricultural 
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pozpOBes — ^bam  machineiy — fidd  implements — ^traction  engines,  paitioalars 
of  performance  and  cost  of  work  done. 
Galouc  Enginxs — engines  worked  hj  gas,  or  explosive  componnds — electro- 

magnetic  engines — ^particulars  and  results. 
HTD&4ULIC    Ekginss,    particulars   of  implication    and   working — ^pressure  of 
water— oQnstractioii  and  arrangement  of  vaJves,  relief  yalves — construction 
of  joints — ^hydraolio  rams. 
Wateb  Whxbls,  particulars  of  construction  and  dimensions — form  and  depth  of 
buckets — head  of  water,  velocity,  percentage  of  power  obtained — ^turbines, 
construction  and  practical  application,  power  obtained,  comparative  effect 
and  economy. 
Wan>  ICiLLS,  particulars  of  construction — ^number  of  sails,  surface  and  form 
of  sails — ^velocity,  and  power  obtained — average  number  of  days'  work  per 
annum. 
Cosir  Mills,  particulars  of   improvements — ^power  employed — application  of 
steam  power — ^results  of  working  with  an  air  blast  and  ring  stones — 
cmahing  hj  rolls  before  grinding — advantages  of  regularity  of  motion. 
SuoAS  Mills,  particulars  of  construction  and  working — results  of  application 
of  the  hydraulic  press  in  place  of  rolls — application  of  steam  and  water 
for  extracting  the  last  portion  of  saccharine  matter — construction  and 
working  of  evaporating  pans. 
Oil  Mills,  facts  relating  to  construction  and  working,  by  stampers,  by  screw 
presses,  and  by  hydraulic  presses — particulars  of  crushing  rollers  and  edge 
stones. 
Cotton  Mills,  information  respecting  the  construction  and  arrangement  of  the 
nuudiinery — ^power  employed,  and  application  of  power — cotton  presses, 
mode  of  construction  and  working,  power  employed — ^improvements  in 
spinning,  carding,  and  winding  machinery,  &c. 
Calico-Peiktino  and  Bleaching  Machinebt,  particulars  of  improvements. 
Wool  Machikbby,  carding,  combing,  roving,  spinning,  &c. 
Flax  Machinebt,  manufacture  of  flax,  china  grass,  and  other  fibrous  materials, 

both  in  the  natural  length  of  staple  and  when  cut. 
Rope-Mak^ino    Machinebt — hemp    and    wire    ropes,    comparative    strength, 

durability,  and  cost — steel  wire  ropes. 
Saw  Mills,  particulars  of  construction — ^mode  of  driving — ^power  employed — 
particulars  of  work  done — ^best  speeds  for  vertical  and  circular  saws — ^form 
of  saw  teeth — saw  mills  for  cutting  ship  timbers — veneer  saws — endless 
band  saws. 
WooD-WoBKiNO    Machines,   morticing,    planing,    rounding,    and    surfacing — > 

copjring  machinery. 
Glass   Machinebt — manufacture  of   plate  and  sheet  glass —construction  of 
heating  furnaces,  annealing  kilns,  &c. — grinding  and  polishing  machinery. 
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Lathes,  Planing,  Boring,  Drilling,  and  Slotting  Machines,  &o.,  partionlara 

of  improyementa — deecription  of  new  aelf-aoting  tools — engineers'  tools — 

files  and  file-ontting  mafChinery. 
Rolling  Mills,  improvements  in  machinery  for  making  iron  and  steel — mode 

of   applying   power — ^nse    of   steam  hammers — spiling   of  iron — ^plates — 

fancy  sections — arrangement  and  speed  of  rolls — ^length  of  bar  rolled — 

mannfactm^  of  rolled  girders. 
Steak    Hammers,    improyements    in    construction    and    application — friotioii 

hammers — air  hammers. 
BiTETTiNG,  Punching,  and  Shearing  Machines,  worked  by  steam  or  hydraolio 

pressm'e — direct-acting  and  lever  machines — ^portable  machines — oompara- 

tive  strength  of  drilled  and  pmiohed  plates — rivet-making  machines. 
Stamping  and  Coining  Machinery,  particulars  of  improvements,  &c. 
Paper-Making  and  Paper-Cutting  Machines,  new  materials  and  results. 
Printing  Machines,  particulars  of  improvements,  &o, — ^machines  for  printing 

from  engraved  surfaces — type  composing  and  distributing  machines. 
Water  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and 

application — ^velocity  of  piston — construction,  lilt,  and  area  of  valves. 
Air  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and 

application — ^velocity  of  piston — construction,  lift,  and  area  of  valves. 
Htdraulio  Presses,  facts  relating  to  the  best  construction,  means  of  working, 

and  application — economical  limit  of  pressure. 

BOTART  AND  CENTRIFUGAL  PUMPS,  ditto  ditto  dittO. 

Fire  Engines,  hand  and  steam,  ditto  ditto  ditto. 

Sluices  and  Sluice  Cocks,  worked  by  hand  or  hydraulic  power,  ditto. 

Cranes,  steam  cranes,  hydraulic  cranes,  pneumatic  cranes,  travelling  cranes. 

LiPTS  for  raising  railway  wagons — ^hoists  for  warehouses — safety  apparatus. 

Toothed  Wheels,  best  construction  and  form  of  teeth — ^results  of  working — 
power  transmitted — method  of  moulding — strength  of  iron  and  wood 
teeth. 

Driving  Belts  and  Straps,  best  make  and  material,  leather,  gutta  percha, 
vulcanised  india-rubber,  rope,  wire,  chain,  &c. — comparative  durability, 
and  results  of  working — ^power  communicated  by  certain  sizes — frictional 
gearing,  construction  and  driving  power  obtained — ^friction  olutohes — 
shafting  and  couplings. 

Dtnamombters,  construction,  application,  and  results  of  working. 

Decimal  Measurement — application  of  decimal  system  of  measurement  to 
mechanical  engineering  work — drawing  and  construction  of  machinery, 
manufactures,  &o. — construction  of  measuring  instruments,  gauges,  Ac. 

Strength  of  Materials,  facts  relating  to  experiments,  and  general  details  of 
the  proof  of  g^ers,  Ac. — g^ers  of  cast  and  wrought  iron,  particulars 
of  different  constructions,  and  experiments  on  them — rolled  girders — ^best 
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fonns  and  propartiona  of  girders  for  different  purposes — best  mixture  of 
metal— miztxireB  of  wrought  iron  with  cast. 

DviABiLiTT  0?  TiMBSB  of  yBorions  kinds — ^best  plans  for  seasoning  and  pre- 
goring  timber  and  cordage — ^resnlts  of  varions  processes-— oomparative 
dinability  of  timber  in  different  situations— experiments  on  actnal  strength 
of  timber. 

OouosioN  OF  Metals  hy  salt  and  fresh  water,  and  by  the  atmosphere,  &o, — 
fects  rolating  to  corrosion,  and  best  means  of  prevention — ^means  of  keeping 
■hips'  bottoms  clean — galvanic  action,  nature,  and  preventives. 

Allots  or  Metals,  facte  relating  to  different  alloys. 

FucnoN  or  Yakious  Bodies,  facts  relating  to  friction  under  ordinary  circum- 
stances— ^fisotB  on  increase  of  friction  by  reduction  of  sur&oe  in  contact — 
friction  of  iron,  brass,  copper,  tin,  wood,  &g, — ^proportion  of  weight  to 
rubbing  snrfiaoe — ^best  forms  of  journals,  and  construction  of  axleboxee — 
wood  bearings — ^water  axleboxee — lubrication,  best  materials,  means  of 
application,  and  results  of  practical  trials — ^best  plans  for  oil  tests — ^firiction 


Iko5  Boofs,  particulars  of  construction  for  different  purposes-durability  in 
varions  climates  and  situations — comparative  cost,  weight,  and  durability — 
roo&  for  slips  of  cast  iron,  wrought  iron,  timber,  &o, — best  construction, 
form,  and  materials— details  of  large  roofs,  and  cost. 

Fns-FBOOP  BuiLDiKos,  particulars  of  construction — ^most  efficient  plan — ^results 
of  trials. 

CHDnrBT  Stacks  of  large  size — ^particulars,  form,  mode  of  building,  cheapest 
OQDstraction,  Sec, — foroe  of  draught,  and  temperature  of  current. 

Bucks,  mannikusture,  durability,  and  strength — hollow  bricks,  fire  bricks,  and 
fire  day — ^perforated  bricks,  cost  of  manufacture,  and  advantages— diy  clay 
bricks — ^machines  for  brick  making — ^burning  of  bricks. 

Gas  Works,  best  form,  size,  and  material  for  retorts — construction  of  retort 
ovens — quantity  and  quality  of  gas  from  different  coals — oil  gas,  cheapest 
mode  of  Tnnlring — ^wator  gas,  &o. — improvements  in  purifiers,  condensers, 
and  gasholders — wet  and  dry  gas  meters — self-regulating  meters — pressure 
of  gas,  gas  exhauster — gas  pipes,  strength  and  durability,  and  construction 
of  joints— proportionate  diameter  and  length  of  gas  mains,  and  velocity 
of  the  passage  of  gas — experiments  on  ditto,  and  on  the  friction  of  gas 
in  mains,  and  loss  of  pressure. 

W4TCK  Works,  fiicts  relating  to  water  works — application  of  power,  and 
eooDomy  of  working — ^proportionate  diameter  and  length  of  pipes — experi- 
ments on  the  discharge  of  water  from  pipes,  and  friction  through  pipes — 
strength  and  durability  of  pipes,  and  construction  of  joints — penetration 
of  frost  in  different  climates — ^relative  advantages  of  stand  pipes  and  air 

reasels — ^water  meters,  construction  and  working. 

E 
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Well  Sinking,  and  Artesian  Wells,  facts  relating  to — ^boring  tools, 
constraction  and  mode  of  nsing. 

Tunnelling  Machines,  particnlars  of  oonstmotion,  and  results  of  working. 

Coffer  Dams  and  Piling,  facts  relating  to  constraction — oast  iron  sheet  piling. 

Piers,  fixed  and  floating,  and  pontoons,  ditto  ditto. 

Pile  Drivino  Apparatus,  particnlars  of  improvements — ^nse  of  steam  power-^ 
particnlars  of  working — ^weight  of  ram  and  height  of  fall,  total  number  of 
blows  required — yaouum  piles — compressed  air  system — screw  piles. 

Dredging  Machines,  particulars  of  improrements — application  of  dredging 
machines — ^power  required  and  work  done. 

Diving  Bells  and  Diving  Dresses,  facts  relating  to  the  best  constraction. 

Lighthouses,  cast  iron  and  wrought  iron,  ditto  ditto. 

Ships,  iron  and  wood — details  of  construction — ^lines,  tonnage,  cost  per  ton — 
water  ballast — steel  masts  and  yards,  and  wire  rope  rigging — comparative 
strength  and  advantage  of  iron  and  wood  ships. 

Mining  Operations,  facts  relating  to  mining — ^modes  of  working  and  propor- 
tionate yield — coal  catting  machines — ^means  of  ventilating  mines — ^use  of 
ventilating  machinery — safety  lamps — ^lighting  mines  by  gas — drainage  of 
mines — sinking  pits — mode  of  raising  materials — safety  guides— winding 
machinery — underground  conveyance — stone  breaking  machines — mode  of 
breaking,  pulverising,  and  sifting  various  descriptions  of  ores. 

Blasting,  facts  relating  to  blasting  under  water,  and  bidsting  generally — ^use  of 
gun-cotton,  &c. — efiocts  produced  by  large  and  small  charges  of  powder — 
arrangement  of  charges. 

Blast  Furnaces — shape  and  size — consumption  of  fuel — ^burden,  make,  and 
quality  of  metal — ^pressure  of  blast — ^horse  power  required — economy  of 
working — improvements  in  manufacture  of  iron — comparative  results  of  hot 
and  cold  blast — ^increased  temperature  of  blast — construction  and  working 
of  hot  blast  ovens — ^pyrometers — construction  of  tuyeres — means  and 
results  of  application  of  waste  gas  from  close-topped  and  open-topped 
furnaces — preparation  of  materials  for  furnace  and  mode  of  charging. 

Puddling  Furnaces,  best  forms  and  construction — worked  with  coal,  char- 
coal, &o. — application  of  machinery  to  puddling. 

Heating  Furnaces,  best  construction — consumption  of  fuel,  and  heat  obtained. 

Converting  Furnaces,  construction  of  fdmaces — manufacture  of  steel — 
oasehardening,  &c. — converting  materials  employed. 

Smiths'  Forges,  best  construction — size  and  material — ^power  of  blast — ^hot 
blast,  &o, — construction  of  tuyeres. 

Smiths'  Fans  and  Fans  generally,  best  construction,  form  of  blades,  &c. — ^fects 
relating  to  power  employed  and  percentage  of  effect  produced — pressure  and 
quantity  of  air  discharged — size  and  construction  of  air  mains — ^mechanical 
ventilation  and  warming  of  public  buildings. 
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COS.K  AKD  Chabcoa.i«,  particiilara  of  the  best  mode  of  making,  and  constraction 

of  ovens,  &o. — open  coking,  mixtures  of  coal  slack  and  other  materials — 

eraporatiTe  power  of  different  rarieties — peat,  manofacture  of  compressed 

peat. 

R&iLWATS,  conBtmction    of  permanent  waj — ^section  of   rails,   and    mode    of 

manii£actiire — mode    of   testing    rails — experiments    on    rails,    deflection, 
*  deterioration,  and  comparative  durability — material  and  form  of  sleepers, 

nze,  and  distances — improvements  in  chairs,  kejs,  and  joint  fastenings — 

permanent  way  for  hot  climates. 
Switches  and  Crossings,  particulars  of  improvements,  and  results  of  working. 
TUSXTA.BLE8,  particulars   of  various  constructions  and   impix>vements>-engine 

turntables. 
SiGSALS  for  stations  and  trains,  and  self-acting  signals. 
Elictiic  Telegraphs,  improvements  in  construction  and  insulation — coating 

of  wires — ^underground  and  submarino  cables — mode  of  laying. 
EiawAT  Carriages  and  Wagons,  details  of  construction — proportion  of  dead 

weight. 
Breaks  for  carriages    and    wagons,  best    construction — self-acting  breaks — 

continuous  breaks. 
Buffers  for  carriages,  &c.,  and   station  buffers — different  constructions  and 

materials. 
Couplings  for  carriages  and  wagons — safety  couplings. 
Springs  for  carriages,  &c. — bufiBng,  bearing,  and  draw  springs — range,  and 

deflection  per  ton — ^particulars  of  different  constructions  and  materials,  and 

results  of  working. 
KAawAT  Wheels,  wrought  iron,  cast  iron,  and  wood — particulars  of  different 

constructions,  and  results  of  working — comparative  expense  and  durability 

— ^wrought  iron  and  steel  tyres,  comparative  economy  and  results  of  working 

— mode  of  fixing  tyres — manufacture  of  weldless  tyres,  and  solid  wrought 

iron  wheels. 
RuLiTAT  AxLXS,  best  description,  form,  material,  and  mode  of  manufacture. 


The  Fftpera  are  to  be  written  in  the  third  person,  on  foolscap  paper,  on  one 
side  only  of  each  page,  leaving  a  clear  margin  of  an  inch  width  on  the  left  side. 
In  the  rabjects  of  the  papers,  extracts  from  printed  publications  and  questions  of 
patent  right  or  priority  of  invention  are  not  admissible. 

The  Diagrams  to  be  on  a  large  scale  and  strongly  coloured,  so  as  to  be 
clearly  visible  to  the  meeting  at  the  time  of  reading  the  paper.  Enlarged  details 
to  be  added  for  the  illustration  of  any  particular  portions,  drawn  full  size  or 
magnified,  with  the  different  parts  strongly  coloured  in  distinctive  colours. 
Several  explanatory  diagrams  drawn  roughly  to  a  large  scale  in  dark  pencil  lines 
and  strongly  coloured  are  prcforablo  to  a  few  smaU-scale  finished  drawings. 
The  scale  of  each  diagram  to  be  marked  upon  it. 
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MEMOIRS 

OF   MEMBEBS   DECEASED   IN    1864. 


James  Allen  was  bom  at  Pojnton  near  Stockport  in  1824,  and 
after  serving  liis  apprenticeship  with  Messrs.  Cole,  engineers, 
Bohon,  was  engaged  as  an  engineer  in  the  construction  of  the 
Leeds  and  Thirsk  Bailwaj.  Having  given  his  attention  for  a 
considerable  time  to  improvements  in  the  constmction  of  the  brass 
fittings  of  en^nes  and  boilers,  he  subsequently  became  partner  in 
the  brass  and  copper  works  of  Messrs.  Allen  Harrison  and  Co.  in 
Mancbester,  in  which  he  continued  for  the  last  ten  years  of  his  life. 
He  was  elected  a  Member  of  the  Institution  in  1856,  and  died  on 
11th  December  1864,  in  the  fortieth  year  of  his  age. 

WiLLiAX  Habbison  Babwell  was  bom  at  Leicester  on  3rd 
November  1822,  and  at  an  early  age  entered  the  Eagle  Foundry, 
Northampton,  belonging  to  his  father,  in  wljich  he  became  a  partner 
in  1853,  and  thenceforth  had  almost  the  entire  management  of 
the  works  until  his  death,  which  occurred  from  a  sudden  illness 
on  9th  November  1864,  at  the  age  of  forty-two. 

'William  Stbbl  Bbown  was  bom  at  Innerkip  near  Greenock 
in  1835.  After  serving  his  time  under  Mr.  Kirtley  in  the  locomotive 
works  of  the  Midland  B^ilway,  Derby,  he  had  the  charge  of  an 
engine  station  on  that  line,  and  subsequently  on  the  Great 
Northern  Railway  at  the  locomotive  works,  Peterborough,  until  his 
appointment  in  1861  as  locomotive  superintendent  of  the  Edinburgh 
and  Glasgow  Railway.  His  death  took  place  after  a  short  illness 
on  25th  May  1864.  He  was  elected  a  Member  of  the  Institution 
in  1863. 
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John    Fowler   was   bom  at   Melksham,    Wiltshire,    on   11th 
July  1826.     He  was  at  first  engaged  in  the  com  trade,  but  in  1847 
entered  the  engineering  works  of  Messrs.  Gilkes  Wilson  and  Co.  of 
Middlesbrough.    Whilst  in  Ireland  in  1849  he  was  impressed  with 
the  great  necessity  that  existed  for  drainage  in  reclaiming  the  waste 
lands  of  that  country,  and  conceived  the  idea  that  some  mechanical 
system  for  executing  drainage  work  could  be  introduced,  by  which 
the  great  expense  of  manual  labour  might  be  avoided  ;   and  in  the 
following  year  he  joined  Mr.  Albert  Fr^in  some  works  at  Bristol 
for  this  purpose,  and  commenced  experiments  which  resulted  in  the 
successful  ccHupletion   of  the   draining  plough.     Although  horse 
power  was  at  first  used  for  these  draining  ploughs,  a  very  short 
time  elapsed  before  steam  was  successfully  applied  to  them ;   and 
Mr.  Fowler,  finding  that  he  was  then  able  to  lay  clay  drainage  pipes 
at  any  required  depth,  entered  into  large  draining  contracts  in  the 
south  of  England,  to  which  he  devoted  himself  for  about  five  years. 
During  this  time  he  was  also  studying  the  application  of  steam 
power  to  the  cultivation  of  the  soil,  and  from  1852  his  attention 
was  constantly  directed  to  this  subject ;   the  success  which  attended 
the  application  of  steam  power  to  draining  machinery  leading  h-im 
to  the  idea  of  applying  the  same  power  to  the  cultivation  of  land. 
A  series  of  experiments  which  he  conducted  at  Ipswich  in  1856 
convinced  him  that  this  idea  was  practicable ;   and  he  ultimately 
exhibited  a  set  of  steam  ploughing  machineiy  at  the   Chester 
meeting  of  the  Royal  Agricultural  Society  in  1858,  which  gained 
the  £500  prize.     In  1857  he  read  a  paper  to  the  Institution  on 
steam  cultivation,  in  which  he  gave  an  account  of  the  progress  of 
the  draining  plough  to  maturity,  and  of  the  progress  then  made 
and  the  results  attained  in  the  application  of  steam  power  to  the 
cultivating  plough.     Although  the  desideratum  of  steam  cultivation 
was  now  practically  eficcted,  most  serious  obstacles  presented  them- 
selves against  bringing  the  invention  to  perfection,  not  only  from 
unforeseen  mechanical  difficulties  owing  to  the  physical  peculiarities 
of  the  land  in  different  localities,  but  also  from  the  very  general 
ignorance  of  the  agricultural  classes  in  reference  to  engineering. 
Mr.  Fowler's  indomitable  energy  however  enabled  him  to  surmount 
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all  the  obstacles  met  with,  and  the  practical  application  of  steam 
power  to  agricaltnre  became  gradually  so  much  extended,  both  in 
England  and  on  the  Continent,  that  in  1861,  in  conjunction  with  the 
late  Mr.  Hewitson  and  Mr.  Kitson,  he  established  works  in  Leeds 
specially  devoted  to  the  mannfactore  of  his  machines.  These 
works  were  subsequently  extended  and  carried  on  by  Mr.  Fowler 
np  to  the  time  of  his  death,  with  his  brother  Mr.  Robert  Fowler. 
He  was  elected  a  Member  of  the  Institution  in  1857,  and  died  on 
4th  December  1864  from  the  results  of  an  accident,  at  the  age  of 
tbirty-eight. 

John  Hedlet  was  born  in  1817  near  Fatfield  in  the  county 
of  Durham,  and  served  his  apprenticeship  with  Mr.  Robert  Clark 
at  the  Lambton  Collieries,  and  was  afterwards  manager  at  the 
Bishopwearmouth  Iron  Works,  Sunderland.  In  1841  he  was  for  a 
short  time  engineer  at  Whitworth  Colliery,  and  thence  went  to 
South  Hetton  and  Murton  Collieries,  where  he  remained  with  the 
exception  of  a  short  interval  till  1863  when  he  resigned  from  ill 
health.  At  the  Murton  Colliery  he  erected  all  the  machinery  with 
which  the  well  known  Murton  winning  was  sunk  through  the 
unmense  feeders  of  water  contained  in  the  sand  underlying  the 
magnesian  limestone.  He  was  also  extensively  engaged  in  general 
practice  as  a  mechanical  engineer  and  in  the  valuation  of  colliery 
plant ;  and  was  the  inventor  of  "ring  cribs  "  for  strengthening  the 
cast  iron  lining  of  pit  shafts,  and  of  an  improved  system  of  guides 
for  cages,  in  which  malleable  iron  rails  are  substituted  for  the 
ordinaiy  wooden  slides.  He  was  elected  a  Member  of  the  Institution 
in  1858,  and  died  at  Newcastle-on-Tyne  on  11th  September  1864,  at 
the  age  of  forty-seven. 

Edwin  Mabshall  was  bom  on  28th  October  1814  at  Birmingham, 
and  in  1834  commenced  business  with  his  &ther,  a  timber  merchant 
in  Birmingham.  In  1848  they  began  building  railway  wagons ;  and 
in  1850,  in  conjunction  with  Mr.  Brown,  a  coach  builder,  became 
railway  and  general  carriage  builders,  and  commenced  one  of  the 
earliest  establishments  for  the  construction  of  railway  carriages,  as 
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the  firm  of  Messrs.  Brown  Marshalls  and  Co.  In  1855  they  erected 
for  the  purpose  the  Britannia  Carriage  Works,  at  Upper  Saltley, 
Birmingham,  where  were  manufBWjtnred  the  carriage  and  wagon 
stock  for  many  foreign  railways.  Mr.  Edwin  Marshall  died  after  a 
long  and  severe  illness  on  8th  May  1864,  aged  forty-nine  years.  He 
was  a  Member  of  the  Institntion  from  1848. 

Geobqe  Maceat  Milleb  was  bom  in  London  on  7th  December 
1818,  and  in  1829  was  apprenticed  to  Messrs.  Lloyd,  millwrights 
and  engineers.  South wark.     In  1835  he  was  engaged  in  the  office 
of  Mr.  John  Dixon,   then  resident  engineer  under  Mr.    George 
Stephenson  on  the  Manchester  end  of  the  Liverpool  and  Manchester 
Bailway ;  and  in  1837  was  transferred  to  Mr.  Robert  Stephenson's 
office  in   London,  upon  the   London  and  Birmingham   Bailway. 
In  1838  he  was  appointed  resident  engineer  and  manager  of  the 
London  and  Greenwich  Bailway,  which  he  worked  for  six  years. 
In  1844  he  was  sent  out  by  Mr.  Locke  to  Jamaica,  for  the  purpose 
of  making  and  organising  the  short  line  of  railway  from  Kingston  ; 
and  in  1847,  when  the  line  was  finished,  he  returned  to  England. 
In  the  same  year  he  was  appointed  resident  engineer  and  locomotive 
superintendent  of  the   Ghreat   Southern  and  Western  Railway  of 
Ireland,  of  which  56   miles  length  was  then  opened  for  traffic. 
In  1849,  when  the  line  was  opened  to  Cork,  he  took  the  whole 
charge  of  the  line  and  works,  and  became  the  chief  engineer  for  aU 
departments  of  the  railway ;  and  had  ultimately  the  entire  control 
of  nearly  400  miles  of  railway,  including  the  works  and  rolling  stock. 
This  position  he  held  for  nearly  seventeen  years  till  the  time  of  his 
death,  which  occurred  after  a  short  illness  on  4th  January  1864, 
at  the  age  of  fifty.     He  was  elected  a  Member  of  the  Institution 
in  1853. 

William  Simpson  was  bom  in  London  on  29th  July  1809,  his 
father,  Mr.  Thomas  Simpson,  being  the  promoter  and  founder  of 
the  Chelsea  and  Lambeth  Water  Works.  He  devoted  himself  to 
the  mechanical  branch  of  engineering,  and  was  the  active  partner 
in  the  firm  of  Messrs.  William  Simpson  and  Co.,  of  Pimlico,  from 
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its  commeiioement  until  the  end  of  1862,  the  works  being 
established  for  the  mann&cture  of  steam  engines  and  machinery, 
especiallj  in  connection  with  hydranlic  works.  By  this  firm  were 
canstmcted  the  pumping  engines  on  the  double  cylinder  principle, 
working  with  high,  and  low  pressure  steam  in  combination,  now  so 
snocessftdly  used  by  the  Chelsea,  Lambeth,  and  New  River  Water 
Works ;  and  a  paper  on  the  construction  and  results  of  working 
of  these  engines  was  communicated  through  him  to  the  Institution 
in  1862.  He  died  on  7th  May  1864,  at  the  age  of  fifty-four,  by 
falling  firom  a  steamer  whilst  returning  from  the  Isle  of  Dogs, 
where  he  had  recently  established  some  iron  shipbuilding  and 
general  engineering  works.  He  was  elected  a  Member  of  the 
Institution  in  1862. 

Chables  liiKOABD  Stokes  was  bom  in  Gloucestershire  in  1826, 
and  served  his  time  in  the  locomotive  department  of  the  London 
and  South  Western  Railway  with  Mr.  John  V.  Gooch.  In  1850 
he  joined  the  Eastern  Counties  Railway,  and  remained  there 
nntil  1855,  when  he  was  appointed  locomotive  superintendent  of 
the  East  Indian  Railway ;  in  which  capacity  he  was  one  of  the 
early  pioneers  of  the  locomotive  system  in  India,  and  afforded  the 
government  important  assistance  during  the  Indian  mutiny  by  his 
nnwearied  devotion  in  working  the  railway  ^m  Calcutta  during 
that  eventful  period.  At  the  instigation  of  the  Governor  General, 
the  late  Lord  Canning,  he  constructed  two  steam  vessels  on  the 
Ganges  for  the  conveyance  of  troops  on  that  occasion :  the  first 
vessel  was  built  with  extraordinaiy  rapidity,  and  was  worked  by 
two  locomotives  with  their  engines  and  boilers  complete,  adapted 
with  great  ingenuity  to  the  purpose.  The  mental  anxiety  and 
exposure  suffered  during  the  mutiny,  combined  with  the  insidious 
effects  of  the  climate,  caused  his  health  to  give  way ;  and  he  was 
oltunately  compelled  to  resign  his  appointment,  and  returned  home 
in  1S62.  He  died  rather  suddenly  on  19th  January  1864,  at 
the  age  of  thirty-seven.  He  was  elected  a  Member  of  the 
Institation  in  1857. 
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William  Henry  Woodhouse  was  bom  at  Overseal,  LeicesterBhirey 
in  1815,  and  was  originally  intended  for  a  conntiy  life,  bat  his 
inclination  afberwards  led  him  to  take  up  civil  engpbieering  as  a 
porsnit.  In  1844  he  became  connected  with  Mr.  liddell  in  the 
construction  of  the  Leicester  and  Burton  branch  of  the  Midland 
Bailwaj.  He  afterwards  became  associated  with  the  Submarine 
Telegraph  Company;  and  haying  gained  some  experience  in  the 
laying  of  submarine  telegraph  cables  in  the  Irish  Channel,  went  out 
during  the  war  with  Russia  in  1854  in  charge  of  the  cable  which 
was  successftdly  laid  and  established  as  a  submarine  telegraph 
between  Balaklaya  and  Yama.  He  subsequently  joined  the  Atlantic 
Telegraph  Company,  and  went  out  in  1858  in  the  "Niagara"  for 
laying  the  western  portion  of  the  cable.  Upon  his  return  to 
England,  and  pending  the  completion  of  the  new  Atlantic  telegraph 
cable  now  in  course  of  construction,  he  was  engaged  in  various  civil 
engineering  works.  He  became  a  Member  of  the  Institution  in  1861, 
and  died  in  London  on  25th  June  1864,  at  the  age  of  forty-nine. 
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The  pRBSiDEin  congratulated  the  Memhers  upon  the  adyaneing 

prosperity  of  the  Institutioii  and  the  rapid  progress  it  had  made  in 

the  number  of  Members  and  increase  of  ftinds,  and  in  the  value  and 

interest  of  the  papers  commxmicated ;  he  had  no  doubt  it  would 

still  continue  to  adyance  in  prosperity  and  importance  by  the  united 

exertions  of  the  Members.     He  moved  that  the  Eeport  of  the 

€k)uncil  be  received  and  adopted,  which  was  passed. 

The  Pbesidbnt  announced  that  the  Ballot  Lists  had  been 
opened  by  the  Committee  appointed  for  the  purpose,  and  the 
following  Officers  and  Members  of  Council  were  found  to  be  duly 
elected  for  the  ensuing  year : — 


PRESIDENT. 


BOBEBT  NaFISB, 

Chables  F.  Beteb, 
William  Clat, 

BOBEBT  HaWTHOBN, 

Sampson  Llotd, 
Henby  Maudslay, 
John  Bamsbottom, 


Edwabd  a.  Cowpeb,  . 
Gbobob  Habbison, 
Edwabd  Jones,  . 
Walteb  M.  Nbilson, 
Chables  P.  Stewabt, 
John  Yebnon, 


Glasgow. 


vice-pbesidbnts. 


council. 


Manchester. 

Liverpool. 

Newcastle-on-Tyne. 

Wednesbury. 

London. 

Crewe. 

London. 

Birkenhead. 

Wednesbury. 

Glasgow. 

Manchester. 

Liverpool. 


past-pbesidents. 

Ex  officio  pemument  Members  of  Gotmcil. 

Sib  William  G.  Abmstbono,  Newcastle-on-Tyne. 

James  Kennedy,     ....  Liverpool. 

John  Penn,        ....  London. 

Joseph  Whttwoeth,  Manchester. 
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COUNCIL. 

Members  of  Cotmoil  remaining  in  office. 


Alexander  Allan,     . 

Perth. 

John  Anderson,     .... 

Woolwich. 

Fbedebice  J.  Bramwell,    . 

London. 

Charles  Cochrane, 

Dudley. 

John  Fernie,     .... 

Leeds. 

Sir  Charles  Fox,  .... 

London. 

Edward  Humphrts,    . 

London. 

Walter  Mat,         .... 

Birmingham. 

C.  William  Siemens, 

London. 

treasurer. 

Henry  Edmunds,    .... 

Birmingham. 

secretary. 

William  P.  Marshall, 

Birmingham. 

The  following  New  Members  were  also  elected : — 

members. 

John  Gay  Newton  Alleyne,  . 

Alfreton. 

Martin  Baldwin, 

Bilston. 

WiLLUM  Bass,        .... 

Workington. 

Henry  Bennett, 

Wellington,  Salop. 

George  Henry  Benson, 

Deepcar. 

Martin  Benson, 

Loijdon. 

David  Kirkaldy,    .... 

London. 

SVERIER  HaKON  LuNDH, 

London. 

James  Bobert  Mosse,     . 

Manritins. 

Samuel  Bideal, 

Manchester. 

Bernhard  Samuelson,    . 

Banbmy. 

Arthur  Sparrow, 

Stoke-upon-Trent. 

George  Arthur  Waller, 

Dublin. 

Thomas  Walpole, 

Dublin. 

HONORARY  MEMBERS 

• 

Otto  Gossell,    .... 

London. 

John  Hall, 

Manchester. 

The  following  paper  was  then  read : — 
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ON    THE    RELATIVE    ADVANTAGES 

OE  THE  INCH  AND  THE  METRE 

AS  THE  STANDARD  UNIT  OF  DECIMAL  MEASURE. 


Bt  Ms.  JOHN  FEENIE,  of  Leeds. 


The  Biibject  of  a  Decimal  System  of  Measnre  resolves  itself  into 
two  distrnct  questions,  the  desirability  of  a  decimal  system,  and 
the  dandard  of  measure  to  be  adopted  as  the  unit  of  the  decimal 
system.  * 

The  principle  of  a   decimal  system   of  measurement  is   now 

considered  to  be  so  advantageons  and  desirable  by  the  practical 

and  scientific  men  who  have  entered  into  the  subject,  that  sooner  or 

later  the  irregular  and  inconvenient  system  hitherto  used  in  this 

oountzy  must  be  expected  to  give  place  to  one  more  suited  to  the 

present  times.     The  permissive  bill  of  1864,  which  legalised  by 

Act  of  Parliament  the  use  in  this  country  of  the  present  standards 

of  measure  decimalised,  and  also  of  the  French  standard  the  metre, 

is  the  first  public  step  in  that  direction;   and 'consequently  the 

question  as  to  which  standard  is   to  be  finally  and  exclusively 

adopted  for  use  in  this  country  has  now  become  an  important  and 

urgent  practical  question.    The  adoption  of  the  Metre  system  in  its 

entirety,  both  for  measures  and  weights,  has  been  strongly  advocated 

by  a  very  influential  committee,  who  are  actively  endeavouring 

to  effect  that  purpose ;  and  the  object  of  the  present  paper  is  to 

compare  the  standards  for  measure  of  lepgth,  and  to  show  the 

practicability  of  adopting  a  decimal  system  founded  on  the  Inch  at 

present  used  in  this  country,  and  the  advantages  that  the  inch 

possesses  over  the  metre  as  the  standard  unit  of  measure. 

The  first  question  of  the  desirabUiiy  of  a  decimal  system  of 
measure  may  now  be  considered  settled,  and  the  principle  definitely 
adopted  in  this  country  :  but  the  second  question  of  the  stwndard  of 
measure  is  still  open,  and  is  a  very  important  one  for  consideration 
on  account  of  the  nnmber  of  circumstances  affecting  it. 
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The  adoption  of  the  Metre  has  been  Btronglj  recommended,  and 
special  efforts  were  made  to  get  it  fixed  npon  as  the  compulsory 
standard  of  measure  for  this  country ;  but  in  the  decimal  bill  now 
passed  it  is  determined  only  to  legalise  the  use  of  the  metre  in 
addition  to  the  former  standards  in  this  country.  The  grounds  on 
which  the  adoption  of  the  metre  has  been  urged  are,  the  existence 
already  of  a  complete  decimal  system  of  measure  and  of  weights  based 
on  the  metre,  and  its  adoption  already  as  the  standard  of  measure  by 
the  large  and  important  population  of  the  French  empire  and  several 
other  countries :  the  object  being  to  obtain  if  possible  a  universal 
standard  of  measure  for  the  whole  civilised  world,  on  account  of 
the  great  advantages  that  would  attend  the  universal  use  of  the 
same  system  of  measures  in  the  rapidly  extending  international 
communications. 

The  consideration  of  the  atemdard  of  measwre  involves  two 
distinct  classes  of  requirements  that  have  to  be  met  as  £ar  as 
practicable,  which  need  a  separate  examination,  namely : — those 
involving  scienMfic  questions  for  preliminary  investigation ;  and  those 
that  are  praoUccd  conditions  necessary  to  be  fulfilled  before  the 
object  can  be  really  carried  out. 

The  scientific  questions  involved  may  be  stated  as  follows  : — 
1st.    The  standard  to  be  the  one  that  can  be  replaced  best  in 

case  of  being  accidentally  lost. 
2nd.  The  standard  to  be  the  one  most   universal   in  the 
character  of  its  basis  of  reference. 
The  practical  conditions  involved  may  be  stated  as  follows  : — 
3rd.  The  standard  to  be  the  one  best  suited  for  use  in 

decimal  subdivision. 
4th.   The  standard  to  be  the    one    most    extensively    and 
influentially  in  use  already,  and  consequently  involving 
the  least  alteration  of  existing  measures. 

1st.  In  considering  the  question  of  the  standard  that  can  be 
reploGed  best  in  case  of  being  totally  lost  by  any  accident,  there 
appears  on  examination  to  be  no  real  choice  between  the  metre  and 
the  inch  in  this  respect.   The  length  of  the  Metre  was  originally 
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daiermiiied  by  meaBuring  a  portion  of  a  quadrant  of  the  earth's 
polar  circnmference ;  but  its  length  was  also  referred  to  the  length 
of  a  seconds  pendalmn,  on  aoconnt  of  the  much  greater  facility  for 
acciuratelj  repeating  the  measurement  of  a  pendnlnm  than  the 
extremely  difficult  and  complicated  operation  of  measuring  an 
arc  of  l^e  earth's  circumference.  The  length  of  the  metre  was 
consequently  defined  in  1798  by  Borda,  one  of  the  commissioners  for 
detennining  the  French  national  standard,  by  giving  0*99385  metre 
as  the  length  of  a  seconds  pendulum  at  Paris  making  86,400  oscilla* 
tions  in  twenty-four  hours  and  vibrating  in  vacuo  at  the  sea  level 
and  at  the  temperature  of  fireezing  water. 

The  lengtli  of  the  Inch  was  defined  in  1824  by  the  declaration 
by  Act  of  Parliament  that  39*13929  inches  is  the  length  of  a  seconds 
pendulum  in  the  latitude  of  London  vibrating  in  vacuo  at  the  sea 
level  and  at  the  temperature  of  62^  Fahrenheit.  Consequently  both 
the  metre  and  the  inch  can  be  verified  by  the  same  means,  the 
measurement  of  a  pendulum ;  and  indeed  the  relation  between  them 
having  been  once  established,  it  follows  that  whatever  means  is  used 
for  verifying  the  one,  whether  by  the  length  of  the  pendulum  or 
any  measurement  of  the  earth's  surfiBioe,  is  equally  available  for 
verifying  the  other ;  so  that  in  this  respect  there  is  not  any  choice 
between  the  metre  and  the  inch. 

2nd.  In  regard  to  the  second  point — the  standard  that  is  moH 
nniwnal  in  the  character  of  its  basis  of  reference — the  metre  was 
formerly  supposed  to  have  a  marked  superiority  over  the  inch, 
M  it  was  originally  intended  to  be  exactly  the  1-10  millionth  part 
of  a  quadrant  of  the  earth's  polar  circumference,*  the  basis  of 
measurement  to  which  it  was  referred ;  whilst  on  the  other  hand 
the  inch  was  an  TUieven  fraction  of  the  length  of  the  pendulum. 
The  result  however  of  subsequent  and  more  accurate  measurement 

•  NoTK. — Or  more  correctly  the  l-100,000th  part  of  a  decimal  degree  of 
latitude  of  which  100  degrees  made  the  quadrant,  this  degree  being  taken  in 
Fraaoe  and  oonseqnently  differing  in  length  from  a  similar  degree  in  other 
latiliidM  OD  account  of  the  polar  diameter  of  the  earth  being  l>SS99th  part  less 
thaa  its  mean  equatorial  diameter,  owing  to  its  spheroidal  form. 
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has  been  to  show  an  error  of  l-6404tli  part  deficiency  in  the  original 
measurement  of  the  metre,  which  was  effected  in  1794  by  the 
measurement  of  an  arc  of  about  630  miles  length,  extending  through 
France  from  the  coast  at  Dunkirk  to  Formentera  on  the  coast  of 
Spain,  the  measurement  of  which  was  carried  out  under  unusual 
difficulties  in  time  of  war.  In  consequence  of  this  error  in  the 
original  measurement  for  the  standard,  the  length  of  the  metre  has 
now  to  be  defined  by  an  uneven  fraction,  as  is  the  case  in  defining 
the  length  of  the  inch.  The  further  result  however  of  recent 
investigation  has  been  to  show  that  a  quadrant  of  the  earth's 
polar  circumference  is  not,  as  was  previously  supposed,  a  uniform, 
quantity,  and  it  is  therefore  not  a  suitable  basis  for  determining  a 
standard  unit  of  measure ;  for  it  has  been  found  that  the  form 
of  the  earth  at  the  equator  differs  from  a  true  circle,  its  longest 
equatorial  diameter  exceeding  its  shortest  by  1 -3941th  part,  and 
there  is  consequently  a  variation  in  the  lengths  of  different 
quadrants  of  the  circumference  measured  from  the  pole  to  the 
equator.  As  regards  the  universahty  of  its  basis  therefore,  there  is 
no  choice  between  the  metre  and  the  inch. 

It  has  to  be  noticed  that  the  present  legal  standard  of  measure  in 
this  country  is  really  an  individual  standard  metallic  yard  measure, 
which  was  legalised  by  Act  of  Parliament  in  1855  ;  this  had  been 
prepared  with  all  possible  care  by  comparison  of  all  existing  standards 
of  authority,  the  former  legal  standard,  a  metallic  yard  measure  made 
by  Bird  in  1760,  having  been  destroyed  by  fire  in  the  burning  of  the 
Houses  of  Parliament  in  1834.  In  consequence  however  of  some 
sources  of  error  having  been  discovered  by  subsequent  investigations 
in  the  former  process  of  measuring  the  seconds  pendulum,  all 
reference  is  omitted  in  this  last  Act  of  1855  to  the  means  of  verifying 
the  standard  by  the  length  of  the  pendulum,  and  the  only  provision  ' 
made  against  a  loss  of  the  standard  is  by  legalising  certain  duplicates 
that  were  made  from  it  with  the  greatest  care  as  secondary  standards. 
The  present  standard  of  measure  is  therefore  really  an  individual 
metalHc  yard  measure,  forming  the  legal  standard  independent  of 
any  reference  to  another  source:  and  the  metre  may  indeed  be 
considered  to  be  in  a  similar  position,  since  it  is  a  continuation  or 
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copy  of  the  original  metre,  which  is  now  known  to  differ  &om  the 
measure  of  the  earth's  circumference  that  it  was  intended  to 
represent,  while  the  amonnt  of  error  at  present  ascertained  may 
prohablj  nndergo  still  ftirther  correction  by  fiittire  still  more 
accurate  observations. 

The  circumstance  however  of  depending  npon  accuracy  of 
copying  for  the  preservation  of  a  standard,  though  theoretically 
objectionable,  is  not  practically  a  disadvantage  as  regards  accnracy. 
For  with  the  extreme  degree  of  perfection  now  attained  in  copying 
measnres  of  length  by  Mr.  Whitworth's  process  of  contact  measure- 
ment, the  accnracy  of  measurement  can  be  carried  as  &r  as  one 
millionth  of  an  inch,  which  is  a  considerably  higher  approximation 
than  can  be  attained  in  any  present  process  of  determining  the 
length  of  a  pendulum  or  an  arc  of  the  earth's  circumference.  The 
writer  is  informed  by  Mr.  Whitworth  that  the  standard  cylindrical 
gauges  supplied  by  him  to  engineering  and  other  establishments 
do  not  vary  l-10,000th  inch  in  diameter  for  any  size  up  to 
2  inches,  and  the  larger  sizes  up  to  6  inches  diameter  do  not  vary 
1-SOOOth  Inch. 

In  oonsequenoe  of  the  variation  in  the  lengths  of  the  several 
quadrants  of  the  earth's  circumference,  a  suggestion  has  been  made 
by  Sir  John  Herschel  to  adopt  the  earth's  polar  axis  as  the  standard 
of  reference,  that  being  the  only  single  or  unique  dimension  of  the 
earth's  mass.  As  this  dimension  is  very  nearly  500,500,000  inches 
or  1-lOOOth  part  more  than  500  million  inches,  it  has  been  proposed 
by  him  to  increase  the  inch  by  1-lOOOth  part  and  make  it  then  the 
standard  unit  of  length  as  the  1-500  millionth  part  of  the  earth's 
polar  axiii.  It  has  to  be  observed  however  in  reference  to  this 
proposal,  that  1-lOOOth  part  of  an  inch  is  now  an  appreciable 
qnantity  in  mechanical  work,  such  as  boring  rifles,  &c. ;  and  the 
alteration  if  carried  out  would  involve  a  loss  of  one  mile  in  every 
1000  miles.  Moreover,  independently  of  these  practical  objections, 
any  such  step  would  really  involve  a  similar  mistake  to  that  made 
in  originally  fixing  the  metre,  since  the  results  of  future  more 
correct  measurements  of  the  earth's  axis  would  be  likely  to  require 
a  cotrection  in  the  fraction  expressing  the  inch,  in  addition  to  the 
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present  known  error  of  l-170,000tli  part,  arising  from  the  actual 
length  of  the  axis  being  rather  less  than  500,500,000  inches,  as 
ascertained  by  the  present  measurement. 

All  these  varions  considerations  therefore  appear  to  lead  to  the 
conclnsion  that  the  best  practical  course  is  to  refer  to  an  individual 
standard  which  will  admit  of  being  copied  with  a  very  high  degree 
of  accuracy,  as  in  the  case  of  the  present  legal  standard  in  this 
country. 

8rd.  The  next  question,  as  to  the  standard  best  suited  for  use  in 
decimal  subdivision^  is  one  to  be  determined  by  the  relative 
practical  convenience  or  inconvenience  of  the  principal  subdivisions 
and  multiples  of  the  different  standards  of  length. 

The  old  legal  standard  of  measure  in  this  country,  the  yard,  is 
near  the  size  of  the  metre,  the  former  being  36  inches  and  the  latter 
39*3708  inches.  If  the  yard  were  subdivided  decimally  into  tenths, 
hundredths,  and  thousandths,  it  would  make  a  scale  as  inconvenient 
and  difficult  of  application  in  this  country  as  the  metre  scale  :  bat 
the  standard  is  defined  as  a  yard  of  36  inches,  and  the  inch  as  a 
unit  of  measure  has  important  advantages  as  regards  fB/cUity  of 
application,  and  has  a  special  qualification  for  the  purpose  as  a 
convenient  unit  for  expressing  the  smaller  dimensions  required  in 
mechanical  engineering  work,  since  the  subdivisions  and  multiples 
of  the  inch  predominate  in  the  dimensions  of  the  parts  of  naachinery, 
&c.  For  example,  a  measuring  machine  extending  from  0  to  10 
inches  gives  an  ample  range  to  make  the  requisite  template^  and 
gauges  with  an  accuracy  up  to  1-lOOOth  inch  for  all  the  boring  and 
turning  work  required  for  locomotives  and  for  stationary  engines 
up  to  100  horse  power,  and  for  the  tools  and  machines  of 
corresponding  size.  The  larger  dimensions  above  10  inches  are 
but  few  in  number  as  compared  with  those  below  10  inches,  and  are 
not  required  to  be  more  accurate  than  to  1-lOOth  inch ;  their 
dimensions  can  therefore  be  obtained  from  a  steel  rule  of  100 
inches  length  divided  into  inches,  tenths,  and  half-tenths,  while  the 
half-tenth  of  an  inch  being  easily  divisible  by  the  eye  into  five  parts 
gives  hundredths  of  an  inch.     The  writer  has  found  such  a  range  up 
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to  100  inches  amply  sufficient  for  tlie  requirements  of  one  of  the 
largest  locomotiye  establishments,  and  also  for  all  the  purposes  of  a 
large  ironworks  ;  and  with  snch  a  system  great  accuracy  of  work 
is  obtained^  mistakes  and  misfits  are  avoided,  and  a  dupHcate  system 
of  the  most  perfect  kind  is  established. 

For  small  dimensionB  the  metre  is  diyided  into  1000  parts 
called  millimetres,  each  being  equal  to  '03937  inch  or  about  l-26th 
inch :  but  in  the  classes  of  work  in  which  the  finer  dimensions  of 
thousandths  of  an  inch  are  required,  the  inch  has  an  advantage 
over  the  metre  in  convenience  of  application  as  the  xmit  of  measure ; 
for  dimensions  in  thousandths  of  an  inch  are  readily  and  conveniently 
expressed  and  spoken  o^  but  with  the  metre  as  a  unit  such 
dimensions  require  the  use  of  milHmetres  and  fractions  of 
millimetres  carried  to  two  places  of  decimals  in  order  to  express 
them.  For  example,  the  standard  bore  of  the  government  rifles,  in 
which  a  difference  of  1-lOOOth  inch  in  the  diameter  of  bore  has  to 
be  recognised  and  expressed,  is 

'577  inch  or  577  thousandths  ; 
bat  the  expression  of  such  a  dimension  on  the  metre  system  would 
be  in  the  inconvenient  form  of 

14'67  millimetres. 

This  is  a  practical  advantage  of  importance  in  favour  of  the  inch 

80  the  unit  of  measure ;   for  dimensions  to  1-lOOOth  inch  are  now 

required  in  regular  use  for  various  descriptions  of  work.      For 

example,  in  the  case  of  fixing  a  wheel  or  a  lever  upon  its  axle,  the 

amount  of  difference  in  diameter  required  between  boring  and 

turning,  in  order  to  ensure  the  correct  amount  of  tension,  is  not  a 

thing  to  be  guessed  at,  but  is  a  definite  quantity  rang^g  from 

l-lOOOth  to  5-lOOOths  inch  or  '001  to  005  inch.     If  in  addition  to 

forcing  on  by  hydrauHc  pressure,  as  in  the  case  of  putting  wheels 

npon  their  axles,  the  further  step  is  taken  of  expanding  the  external 

portion  by  heat  and  then  shrinking  it  upon  its  seating,  as  in  fixing 

levers  upon  shafts,  a  very  high  degree  of  accuracy  in  the  respective 

diameters  is   required,  in  order  to  ensure  .a  definite  amount  of 

tension :    this  is  especially  the  case  in  the  manufacture  of  wrought 

iron  ordnance,  where  one  series  of  hoops  has  to  be  shrunk  upon 
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another,  eacli  layer  being  compressed  in  proportion  to  the  work  it 
is  intended  to  sustain.  These  dimensions  of  lOOOths  inch  are  now 
readily  appreciated  and  worked  to  in  regular  work  by  means  of  the 
system  of  contact  gauges  introduced  by  Mr.  Whitworth  ;  they  can 
be  measured  by  any  good  workman  with  a  pair  of  callipers,  and 
great  advantage  in  accuracy  and  &x;ility  of  work  is  deriyed  from 
the  system  of  working  to  these  definite  decimal  dimensions. 

It  may  also  be  observed  that  the  inch  divided  into  lOOOths 
serves  very  conveniently  to  express  the  series  of  thicknesses  known 
as  the  wire  and  metal  gauges,  as  shown  in  Mr.  Whitworth's 
decimal  wire  gauge,  a  specimen  of  which  is  on  the  table,  extending 
from  No.  300  or  300  thousandths  of  an  inch  to  No.  18  or  18 
thousandths  of  an  inch. 

A  decimal  scale  founded  on  the  inch  as  the  unit  would  have 
then  for  its  subdivisions  the  lOOths  and  lOOOths  inch  at  present 
in  use;  and  the  first  ascending  step  in  the  scale  would  be  the 
substitution  of  a  10-inch  foot  for  the  present  12-inch  foot,  being  a 
reduction  of  l-6th  in  the  present  measure.  The  succeeding 
measures  would  be  as  shown  in  the  following  table,  taking  merely 
for  the  sake  of  comparison  a  similar  nomenclature  to  that  of  the 
metre  scale : — 

Inches. 

Milli    inch  =  '001  or  thousandth  of  an  incli. 

Genti  inch  »  -01  ,,  hundredth  „ 

Deci     inch  »  '1  „  tenth  „ 

Inch  B  1  the  Standard  Unit. 

Deca    inch  »  10  {  foot       of      12  inches. 

Heoto  indi  «  100  about  li  fathom  „       72      ,, 

Kilo     inch  =        1,000  „       li  chain     „     792 

Myria  inch  ^      10,000  „      li  fnrlong  „   7920 

100,000  „       limile      ,,63360 

A  corresponding  decimal  scale  applied  to  superficial  measure 

would  be  as  follows  : — 

Sq.  ins. 
Square    Inch  »  1 

Square  Dcca    inch  «,  100  about  f  foot  of         144  square  inches. 

Square  Hecto  inch  «        10,000    „      i  pole  „      39,204      „        „ 
Square  Kilo     inch  »  1,000,000    „      ^  acre  „  6,272,640      „        „ 
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In  carrying  out  this  change  of  the  measures  at  present  in  use, 
it  has  to  be  observed  that  in  consequence  of  taking  for  the  unit  the 
lowest  of  the  present  denominations — the  inch — the  important 
advantage  is  obtained  that  any  dimension  on  the  present  system 
can  be  exactly  expressed  in  the  decimal  system  without  any 
fractional  remainder,  and  the  only  calculation  required  for  the 
change  is  to  bring  the  dimension  into  inches,  which  immediately 
gives  its  corresponding  value  in  the  decimal  system.  But  if  any 
other  of  the  present  measures,  such  as  the  foot  or  the  yard,  were 
taken  as  the  nnit,  a  troublesome  calculation  would  be  required  for 
this  purpose,  just  as  in  the  case  of  adopting  the  metre  for  the 
unit ;  and  the  result  would  be  an  inconvenient  fractional  quantity, 
with  its  accuracy  depending  in  many  cases  on  the  length  to  which 
the  decimal  was  carried. 

4th.  The  last  consideration  is  the  standard  that  is  the  most 
exlensively  and  influentially  in  use  already,  and  consequently  involves 
the  least  alteration  of  existing  measures  in  its  adoption. 

The  metre  was  established  in  France  in  1840,  and  is  now  the 
measure  in  universal  use  throughout  the  French  empire,  and  also  in 
Belgium,  Holland,  and  Northern  Italy.  It  has  also  been  subsequently 
adopted  and  has  partly  come  into  use  in  Spain,  Portugal,  Italy,  and 
Grreece,  and  also  in  Brazil,  Peru,  Chili,  Mexico,  and  other  countries 
in  America.  The  population  of  the  above  countries  is  about  as 
foUows,  taking  the  data  from  the  Almanctch  de  Ootha: — 

Population. 
C  France,   Belgium,  "^ 

Metre  in  universal  oae  <     Holland,    and     > 60,000,000 

t   Northern  Italy,  j 

^. J     i.  J       A       C  European  Countries     87,000,000 

Uetro  adopted  and      \  dj^  J^  colonies      86,000,000 
partly  in  use  (  American  Countries    26,000,000 

98,000,000 

148,000,000 

The  inch  is  in  universal  use  throughout  the  British  empire 
(excepting  India)  and  throughout  the  North  American  States.  In 
British  India  the  native  standard  measure,  the  "  hath,"  is  legalised 
as  18  inches;   and  a  multiple  of  the  inch  is  also  the  standard 
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measure  of  the  Rnssian  empire,  tlie  imperial  *'  sagene  **  being 
legalised  as  7  feet  English.  The  population  of  the  above  countries 
is  abont  as  follows,  taken  from  the  same  source : — 

PopolAtlon. 

67,000,000 

V  14.-  1     rr     i,-««-^  f   Britiflh  Indift  138,000,000 

Multiple  of  Inch  in  use  [   r^^^  empirt)         74;000;000 

212,000,000 

279,000,000 

In  addition  to  this  excess  in  the  actual  numbers  of  the  people 
now  using  the  inch  oyer  those  now  using  the  metre,  the  fact  should 
be  considered  that  the  former  include  the  great  machinery  producers, 
whose  work  is  already  existing  in  such  large  quantities  in  all  parts 
of  the  world  in  the  form  of  engines,  machinery,  railway  plant, 
tools,  &c. ;  such  as  the  tools  and  machines  of  Manchester  and 
Leeds,  so  largely  exported  to  other  countries,  their  cotton  and  flax 
machinery,  the  sugar  mills  of  the  West  Indies,  the  steam  engines, 
agricultural  engines,  and  machinery  sent  to  all  parts  of  the  world, 
steamboats,  railway  plant  and  machinery,  railway  bridges  and 
roofs,  &c» ;  the  amount  of  steam  engines  and  machinery  alone  that 
has  been  exported  from  this  country  during  the  last  twenty  years 
having  reached  the  value  of  £49,000,000,  and  averaging  during  the 
last  five  years  about  £4,000,000  annually.  The  large  excess  in  the 
machinery  already  made  under  the  inch  over  that  made  under  the 
metre  system  of  measure  is  an  important  practical  consideration,  as 
it  must  be  remembered  that  the  machines  sent  out  to  other  countries 
form  types  of  other  machines,  and  that  they  require  repairing  and 
renewing  with  the  same  measures  with  which  they  were  made.  In 
this  country  the  inch  is  involved  intimately  in  aU  mechanical 
engineering  work,  and  is  the  basis  on  which  the  various  machines 
and  engines  have  been  built,  as  the  mechanical  eng^eer  may  be  said 
to  think  in  inches,  calculate  in  inches,  and  work  in  inches ; 
mechanical  drawings  are  made  to  the  inch  or  its  multiples,  patterns 
are  in  inches,  the  pitches  of  the  teeth  of  wheels,  the  sizes  of  taps 
and  dies,  the  standard  gauges  for  boring  and  turning,  and  the  finer 


STANDABD   OF   DECIMAL  MEASURE.  31 

dimensioiis  of  every  part  of  every  too],  machine,  and  engine,  are  all 
made  in  inclies ;  and  the  sizes  of  all  hars  of  iron  and  planks  of 
timber  are  in  incites.  The  inch  is  also  the  basis  of  the  data  for 
calculations  of  strength  of  materials,  sectional  areas  of  girders  and 
framing,  pressure  of  steam,  &c.,  power,  velocity,  capacity,  and 
weight.  The  difficulty  of  effecting  any  change  in  the  unit  now 
forming  the  basis  of  these  measures  and  calculations  would  therefore 
be  exceedingly  great ;  but  in  the  case  of  the  metre  this  difficulty  is 
greatly  increaeed  l)y  the  relation  between  the  metre  and  the  inch 
requiring  a  long  firaction  to  represent  it  with  sufficient  accuracy  for 
such  purposes,  thus : — 

1  metre  is  equal  to  39*8708  inches  and 
1  inch  is  equal  to  25*3995  millimetres. 
In  the  foUo'wing  Table  are  shown,  for  the  purpose  of  comparison, 
the  corresponding  values  in  millimetres  of  some  of  the  ordinary 
fractions  of  the  inch,  and  the  corresponding  values  of  square  and 
cubic  inches  in  square  centimetres  and  cubic  millimetres;  from 
which  will  be  seen  the  extreme  difficulty  and  inconvenience  that 
would  arise  in  attempting  to  change  the  inch  to  the  metre  system. 


1  hinh 

as 

26*8996  mmimetreB. 

i    » 

s 

126998 

*    « 

s 

6-3499          „ 

i    « 

» 

81749 

A  « 

a 

1-6876 

A  » 

« 

0-7937 

tt   »> 

= 

0-3968 

ihi  w 

= 

0-2540 

1  square  indh     »      6*461    square  centunetres. 
10       „         „        =     64-512 

1  oabio  inch       a     16*886    cnbio  millimetres. 
10      „        „  -  168*862        „ 

ConsideTing  the  preponderance  of  the  population  now  using  the 

inch  and  not  the  metre,  and  the  extent  to  which  the  inch  is  now 

spread  over  the  whole  world,  the  difficulties  in  the  way  of  a  change 

to  the  metre  appear  to  the  writer  so  insuperable  as  to  amount 

practically  to  a  prohibition  of  a  decimal  system  of  measure  if  it  is 

to  be  baaed  on  the  metre. 
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The  subject  of  decimalising  the  present  very  irregular  and 
inconvenient  system  of  Weights  and  Measures  of  Capacity  in  this 
country  is  one  of  great  importance ;  and  great  advantages  would 
arise  from  their  reduction  to  a  uniform  decimal  system.  It  has 
been  supposed  that  the  metre  system  has  an  advantage  in  basing 
the  system  of  weights  directly  upon  the  measures  of  length,  the 
kilogramme  of  2*2048  lbs.  English  being  intended  to  be  exactly  the 
weight  of  a  cubic  decimetre  of  pure  water  at  its  maximum  density : 
but  it  now  appears  from  subsequent  more  accurate  measurement 
that  this  requires  some  correction,  so  that  the  relation  between  the 
kilogramme  and  the  metre  is  not  an  even  one  as  intended,  but  an 
uneven  fractional  one.  There  is  strictly  no  choice  therefore  in  that 
respect  between  the  kilogramme  and  the  pound ;  and  in  fact,  in  the 
same  way  as  with  the  definition  of  the  metre  or  the  inch,  any 
weight,  such  as  the  English  pound,  may  be  defined  with  equal 
accuracy  for  the  standard  unit. 

It  may  be  remarked  that  if  the  pound  (pound  avoirdupois 
^7000  grains  troy)  were  taken  as  the  standard  unit  for  decimal 
weights,  the  important  weights  of  the  cwt.  and  the  ton,  which  now 
vary  in  practice,  the  cwt.  between  112  and  120  lbs.  and  the  ton 
between  20  and  21  cwts.  or  2240  and  2520  lbs.,  might  be  decimalised 
as  100  and  2000  lbs.  without  any  very  serious  difficulty  and  with 
important  advantage  in  removing  another  of  the  old  irregularities 
in  the  system  of  weights  and  measures  ;  just  as  in  1841  the 
imperial  and  decimal  gallon  consisting  of  10  lbs.  of  distilled  water  at 
62^  Fahr.  was  substituted  by  Act  of  Parliament  for  the  old  ale  and 
wine  gallons  having  102  and  83  per  cent,  respectively  of  the  same 
value. 

The*  following  are  the  general  conclusions  submitted  in  the 
present  paper  in  reference  to  the  standard  for  decimal  measure : — 

I. — That  the  inch  and  the  metre  are  equally  eligible  for  the 
purpose,  as  regards  the  basis  of  reference  on  which  they  are 
founded;  and  either  of  them  could  be  as  accurately  and  readily 
replaced  as  the  other  in  case  of  being  lost :  since  both  of  them  are 
practically  dependent  upon  the  copying  of  an  individual  standard, 
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which  can  be  effected  by  the  present  improved  means  of  measure- 
ment with  a  higher  degree  of  accnracj  than  conld  be  attained  in  a 
repetition  of  the  original  process  of  constructing  the  standard  by 
refiarence  to  a  natural  standard  such  as  a  pendulum  or  an  arc  of 
the  earth's  circumference. 

n. — That  tlie  metre  is  not  suitable  for  adoption  in  this 
country,  on  account  of  its  entire  difference  from  the  existing 
measures  and  the  inconvenience  that  would  arise  in  expressing  the 
smaller  dimensions  extensively  used  in  mechanical  work,  &c . ;  and 
that  the  inch  is  the  most  suitable  xneasure  for  the  purpose,  on 
account  of  ita  being  intimately  involved  in  the  present  data  for 
calculations  and  dimensions  of  mechanical  work,  <Sbc.,  and  firom  its 
convenience  for  expressing  the  smaller  dimensions  extensively  used. 
That  for  larger  dimensions  the  easiest  and  most  convenient  decimal 
change  would  be  the  adoption  of  a  10  inch  measure,  which  would 
be  a  reduction  of  an  even  fraction  of  l-6th  from  the  present  foot ; 
and  the  longer  measures  being  already  multiples  of  the  inch,  the 
change  would  then  be  at  least  easier  for  their  decimal  adaptation  to 
the  inch  than  for  their  entire  alteration  to  the  metre  standard. 

m. — That  it  is  very  desirable  that  an  alteration  should  be  made 
in  the  present  system  of  weights  and  measures  of  capacity,  for 
reducing  them  both  to  decimal  systems;  and  that  these  can  be 
based  as  definitely  and  convemently  upon  the  inch  as  the  standard 
of  measure  as  upon  the  metre ;  and  that  it  will  be  preferable  to 
adopt  for  the  standard  a  weight  that  is  already  in  most  common 
use  in  this  country,  such  as  the  pound,  without  attempting  to 
construct  any  new  standard  bearing  a  more  simple  relation  to  the 
decimal  standard  of  length,  but  differing  from  all  the  existing 
weighty. 
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Mr.  Fernie  said  lie  had  endeavoured  to  enter  upon  the  subject 
of  the  paper  without  any  bias  for  either  the  inch  or  the  metre ;  and 
after  a  good  deal  of  consideration  of  the  question  he  had  come  to 
the  conclusions  given  in  the  paper,  in  favour  of  the  inch  as  the 
standard  unit  of  decimal  measure.  In  the  estimates  of  the 
population  using  the  inch  or  the  metre  he  had  found  some  difficulty 
in  obtaining  reliable  information  respecting  this  for  the  different 
countries ;  and  was  partly  indebted  to  a  paper  read  by  Professor 
Bankine  at  last  year's  meeting  of  the  British  Association  at  Bath, 
and  partly  also  to  a  paper  by  Sir  John  Herschel  on  the  yard, 
pendulum,  and  metre;  it  was  probable  therefore  that  a  different 
view  of  the  relative  populations  on  either  side  of  the  question  might 
be  enterfcained  by  the  advocates  of  the  metre  system.  With  regard 
also  to  the  value  of  the  exportations  from  England  of  machinery 
constructed  on  the  inch  system,  which  had  been  referred  to  in  the 
paper,  a  small  deduction  had  to  be  made  for  machinery  constructed 
on  the  metre  system,  as  a  few  of  the  locomotive  establishments  in 
this  country  had  had  to  send  out  engines  made  on  the  metre  system 
to  France  and  Italy;  but  generally  speaking  the  engines  and 
machinery  made  in  England  had  been  all  constructed  upon  the  inch 
as  the  standard  of  measurement.  The  only  instance  that  he  knew 
of  in  which  the  metre  had  been  entirely  adopted  in  this  country  as 
the  basis  for  working  upon  was  the  manufecture  of  Giffard's 
injector  for  steam  boilers,  made  at  the  Atlas  Works,  Maachester. 
The  injector  was  however  altogether  a  French  invention,  and  the 
drawings  required  for  its  manufacture  were  all  sent  over  from  France 
in  the  first  instance  with  the  dimensions  marked  in  millimetres ;  and 
as  the  proportions  of  the  parts  were  so  very  delicate,  it  was  feared 
they  might  be  disturbed  by  turning  the  measurements  into  inches, 
and  the  metre  had  therefore  been  adhered  to  as  the  basis  of 
measurement  in  that  particular  branch  of  work.  It  would  certainly 
be  most  difficult  to  induce  the  French  to  adopt  the  inch ;  but  on  the 
other  hand  he  did  not  think  it  was  practicable  to  introduce  the 
metre  system  universally  in  English  engineering  workshops,  as  the 
expense  of  the  change  would  be  so  great  and  he  did  not  see  that 
there  would  be  any  advantage  in  it  at  all.     He  therefore  considered 
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tihe  inch,  preferable  as  tbo  standard  unit  of  decimal  measare  in  this 

country. 

Tlie  President   said  that  a  deputation  had  been  sent  to  the 

present  meeting  from  the  International  Decimal  Association,  and  he 
hoped  they  would  give  their  views  upon  the  subject  of  the  paper 
that  had  been  read. 

^Ir.  JAiiEB  Tates,  as  a  Vice-President  of  the  International 
Decimal  Association,  said  he  had  been  particularly  gratified  to  find 
that  the  views  expressed  in  the  paper  coincided  so  fully  with  those 
of  the  Decimal  Association,  with  regard  to  the  value  and 
practicability  of  the  decimal  system  of  measurement;  there  was 
indeed  little  difierence  of  opinion  excepting  in  the  ultimate 
conclusion  drawn  as  to  the  standard  unit  for  decimal  measure,  for 
^which  the  metre  was  considered  by  the  Association  the  most 
eligible.  There  was  no  question  that  the  mode  of  measurement 
hitherto  used  in  this  country  was  so  irregular  and  inconvenient  that 
it  ought  to  be  abandoned,  and  a  uniform  decimal  system  substituted 
for  it ;  and  the  introduction  of  such  a  uniform  system  universally 
throughout  the  world  would  be  attended  with  most  important 
advantages,  from  the  rapidly  extending  international  commu- 
nications. The  two  practical  conditions  affecting  the  choice  of  a 
universal  standard  unit  of  measure  were,  that  it  should  be  the  one 
best  suited  for  use  in  decimal  subdivision ;  and  that  it  should  be  the 
one  causing  the  least  possible  alteration  in  the  existing  measures. 
The  question  was  thus  brought  into  a  very  narrow  compass  : 
namely,  whether  the  preference  should  be  given  to  the  inch  or  to 
the  metre  as  the  unit  of  measure  ;  the  latter  being  defined  by  the 
platinum  metro  preserved  since  1799  in  the  Hotel  dea  Archives  in 
Paris,  and  the  former  by  the  gunmetal  yard  measure  or  bar 
deposited  in  1855  in  the  office  of  the  Exchequer  at  Westminster. 

The  course  adopted  by  the  International  Decimal  Association, 
in  order  to  obtain  a  solution  of  this  question  as  to  the  best  imit  of 
length,  had  l>een  to  send  a  series  of  eleven  questions  to  all  the 
persons  who  were  supposed  to  be  best  qualified  to  judge  upon  the 
tnibjcct ;  and  the  answers  having  been  received,  four  meetings  were 
held  in  London,  to  which  all  such  persons  were  invited ;  and  on  that 
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occasion  Mr.  Whitworth's  system  of  accnrate  measurement  waa 
exhibited  and  explained.  The  resnlt  of  the  discnssion  of  tlie 
qnestion  at  the  meetings  was  that  a  report  was  drawn  np  and 
circulated,  in  which  it  was  recommended  as  eminently  desirable  that 
the  nnit  of  measurement  should  be  of  such  a  length  as  might  be 
adapted  to  measure  the  greatest  variety  of  objects,  and  in  the  most 
numerous  cases  likely  to  occur  in  daily  life ;  and  that  it  should  be 
yisible  at  a  glance  of  the  eye,  and  easily  carried  about  and 
manipulated :  and  it  appeared  that  for  these  purposes  the  inch  or 
the  foot  would  be  too  short,  and  the  fathom  too  long ;  and  that  a 
measure  of  about  the  same  length  as  the  ell,  the  yard,  the  metre,  or 
the  second's  pendulum  was  to  be  preferred,  of  which  there  were 
important  reasons  for  selecting  the  metre  as  the  universal  nnit. 
The  inch  indeed  seemed  at  the  outset  very  unsuitable  to  become 
the  basis  of  a  universal  system*;  and  although  for  English 
mechanical  engineers  it  might  be  a  very  convenient  measure,  yet 
even  for  their  purposes  he  was  not  satisfied  that  it  would  be  better 
than  the  metre,  by  the  use  of  which  he  thought  all  measurements  in 
mechanical  work  might  be  made  with  equal  nicety  and  accuracy. 
In  the  ordinary  transactions  of  daily  Ufe  the  commonest  and  most 
universal  measurements  might  be  taken  as  those  associated  with 
textile  manufactures ;  and  the  metre  being  a  measure  suitable  for 
cases  of  this  kind  would  be  the  most  convenient  for  common  use 
and  most  eligible  as  the  standard  unit  of  lineal  measurement.  For 
example,  an  order  for  13  metres  of  silk  or  64  square  metres  of 
carpet  was  simple  in  expression  and  would  convey  a  clear  conception 
of  the  quantity,  if  the  metre  system  were  adopted,  and  the  unit 
would  be  very  near  the  yard  now  used  for  the  purpose ;  whereas 
with  the  inch  as  the  unit,  the  equivalent  expressions  of  610  inches 
length  or  99000  square  inches  respectively  were  very  inconvenient 
and  not  very  easily  conceived.  Such  illustrations  showed  clearly 
the  inconvenience  of  using  a  small  unit ;  and  led  to  the  conclusion 
that,  in  fixing  a  standard  unit  of  measurement,  it  was  necessary  not 
to  have  regard  to  any  special  purpose  exclusively.  In  aiming  solely 
at  the  small  measurements  that  predominated  in  mechanical 
engineering  work,  the  inch  might  be  the  best ;  but  when  a  standard 
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wa0  required  for  all  sorts  of  measarement,  the  incli  was  in  his  own 
opinion  nnsnitable  for  general  nse. 

For  Uie  pnrpose  of  minute  sabdivision  eyery  advantage  was 
presented  by  the  metre  which  was  attainable  by  the  inch  ;  since  the 
accuracy  of  minnte  measurements  depended  not  on  the  scale,  but  on  the 
instroment,  which  conld  of  course  be  made  equally  applicable  to  any 
scale.  The  most  recent  instrument  for  minute  measurements  in 
connection  with,  the  metre  system  was  that  of  M.  Perreaux  of  Paris, 
which  was  shown  in  the  Great  Exhibition  of  1862,  and  afforded  the 
means  of  measuring  to  l-8000th  of  a  miUimetre  (about  18  millionths 
of  an  inch) ;  and  for  all  practical  purposes  that  was  probably  as 
minnte  and  exact  a  measurement  as  was  required.  It  should  be 
remarked  that  Mr.  Whitworth  himself,  who  had  recommended  the 
inch  to  be  adhered  to  for  mechanical  engineering  work,  objected  to 
the  prototype  yard  firom  which  the  inch  was  supposed  to  be  taken, 
becanse  it  could  not  be  seen  or  used ;  and  had  shown  that  it  was 
hardly  to  be  called  a  measure  at  all,  and  was  inapplicable  and  of  no 
valae  whatever  in  mechanical  operations.  The  Astronomer  Royal 
too  had  admitted  that  the  chief  value  of  this  standard  yard  was  its 
convenience  for  geodetic  operations.  For  these  purposes  however 
the  metre  was  at  least  equally  eligible ;  and  the  difficulty  that  was 
anticipated  from  converting  the  present  measures  of  this  country  to 
the  metre  system,  on  account  of  the  number  of  decimal  places 
required,-  would  be  met  by  the  use  of  ready  reckoners,  specially 
adapted  to  all  the  purposes  of  commeree ;  these  would  be  requisite 
until  the  metre  was  ftilly  established  in  general  uise,  afler  which  the 
need  of  any  such  aids  would  cease. 

With  regard  to  the  relative  population  in  fevour  of  the  inch  and 
the  metre  respectively,  he  believed  the  numbers  given  in  the 
Almanack  de  Gotka,  as  the  population  at  the  present  time  of  all  the 
countries  in  the  world,  were  generally  accepted  as  the  best  authority 
on  the  subject ;  and  from  these  data  he  had  come  to  the  conclusion 
that  the  population  in  favour  of  the  metre  should  be  taken  as  about 
three  times  that  using  the  inch,  instead  of  the  majority  being  in 
iavour  of  the  inch  as  argued  in  the  paper.  Hussia  with  a  population 
of  74  miUions  appeared  to  have  been  put  down  as  favourable  to  the 
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inch,  because  it  used  the  "  sagene  "  of  7  feet  English  or  84  inches. 
This  measure,  which  was  the  Bussian  fathom,  had  been  fixed  at  a 
time  when  the  length  of  that  &.thom  was  very  uncertain,  by 
Peter  the  Great,  who  decided  that  it  should  be  exactly  equal  to* 
7  feet  English.     It  had  been  stated  however  by  Mr.  Kupffer,  the 
imperial  superintendent  of  weights  and  measures  in  Russia,  that 
although  the  inch  was  known  in  Russia  as  the  l-84th  part  of 
their  standard  unit,  it  was  not  used  by  any  means  in  the  same 
manner  or  to  the  same  extent  as  the  inch  was  used  in  England :  on 
the  other  hand  he  instanced  many  points  in  which  the  present 
weights  and  measures  in  Russia  approached  very  nearly   to  the 
metre  system ;  and  he  expressed  his  opinion  that  it  would  be  far 
easier  for  Russia  to  adopt  the  metre  system  than  for  England  to  do 
so,  and  he  decidedly  considered  the  metre  system  was  preferable  for 
Russia  to  the  inch  system.     A  report  had  also  been  presented  to  the 
Minister  of  Finance,   by  the   Imperial  Academy   of  Sciences  in 
St.  Petersburg,  in  which  the  adoption  of  the  metre  was  recom- 
mended for   Russia;   and  there  was  therefore  some   ground  for 
saying  that  Russia  was  decidedly  tending  to  the  adoption  of  the 
metre.      The  different  states  forming  the  Germanic  Confederation 
had   formerly  been    exceedingly    confused  in  their  weights  and 
measures,  and  had  recently  appointed  commissioners  to  devise  a 
uniform   system,   who    recommended   the  adoption  of  the  metre 
system    throughout    all    Germany.      A    meeting    of   the    several 
representatives  was  then  held  at. Frankfort- on-the-Maine,  when  all 
the  states  except  Prussia  agreed  to  adopt  the  recommendation  of 
the  commissioners;   and  at  length   in  1863,   when   the  statistical 
congress  was  held  in  Berlin,  Prussia  also  gave  in  its  adherence  to  the 
metre  system :  thus  all  Germany  might  now  be  fairly  reckoned  on 
the  side  of  the  metre.     Moreover  Germany  had  for  a  long'  time  past 
made  a  partial  use  of  the  metre  system,  the  half  kilogramme  having 
been  employed  as  the  standard  unit  of  weight  in  the  custom  house, 
the  ]>ost  office,  the  railways,  and  other   public  departments.      In 
India  also  there  was  a  movement  going  on  which  was  favourable  to 
the   metre   system,   and   recent  extracts   from  the  Madras    Times 
showed  that  that  district  of  India  was  considering  the  subject  and 
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indining  to  the  metre.  On  the  whole  therefore  he  thonght  that 
Germany  and  RoBsia  shotild  be  added  on  the  side  of  the  conntries 
&TOiirable  to  the  metre,  and  India  should  at  least  be  omitted  from 
the  nnmber  for  the  inch ;  and  the  population  favourable  to  the  metre 
would  then  be  more  than  200  millions,  in  comparison  with  about 
70  millions  actually  using  the  inch  at  the  present  time. 

An  important  movement  was  now  going  on  in  this  country  for 

introducing  the  metre  system  in  education,  since  it  was  clear  that 

the  system  could  not  be  brought  into  universal  use  unless  it  was 

first  taught  universally  in  schools.     He  had  found  a  widely  prevalent 

desire  on  the  part  of  schoolmasters  and  others  interested  in  education 

to  have  the  metre  system  taught  in  schools  to  all  classes  of  the 

community,  and  it  was  astonishing  to  see  the  amount  of  facility 

with  which  the  system  was  learnt.     He  exhibited  a  diagram  of  the 

measures  and  weights  of  the  metre  system   (Bowling's  synoptic 

table),  by  means  of  which  he  was  confident  any  child  might  be  made 

to  understand  the  principles  of  the  system  thoroughly  in  a  few  hours ; 

and  if  the  system  were  taught  for  three  months  in  any  of  the 

elementary  schools,  the  children  would  become  quite  &miliar  with  it. 

But  on  the  other  hand  it  waa  well  known  that  the  present  conned 

tables  of  weights  and  measures  were  a  continual  torment  to  the 

learners,  who  had  no  sooner  got  them  by  heart  than  they  began  to 

forget  them.    TlTe  metre  system  however  was  not  intended  to  be 

rendered  compulsory  in  this  country  at  present,  but  to  be  publicly 

taught  and  by  that  means  gradually  introduced,  and  not  made 

compulsory  until  the  nation  was  fully  prepared  for  it. 

He  ms  happy  to  acknowledge  the  favourable  opportunity  that 
had  heen  afforded  by  the  paper  just  read  for  a  practical  discussion 
of  the  subject  in  one  of  its  many  important  bearings ;  and  such  a 
ooorse  could  not  fiadl  to  contribute  to  the  satis&ctory  settlement  of 
this  important  international  question. 

Mr.  F.  P.  Fellows,  as  a  member  of  the  deputation  from  the 
hitemational  Decimal  Association,  observed  that  in  considering  any 
change  of  weights  and  measures  the  subject  should  be  regarded  in 
aU  its  bearings,  in  relation  to  all  classes  of  the  population,  and  not 
ID    reference    to    mechanical    engineering    only;    because    what 
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mechanical  eng^eers  wanted  for  their  own  work  might  not    bo 
so  good  perhaps  for  other  purposes.     Whatever  the  unit  of  meaanro 
might  be,  there  was  no  difference  of  opinion  at  all  as  to  the  greab 
benefit  of  a  uniform  decimal  system  for  all  weights  and  measures. 
It    was   true    that    in    the    earher  stages    of   civilisation,    wben 
calculations  were  not  put  down  in  wnting,  the  binary  system  w^ould 
be  most  readily  employed ;  but  with  a  written  scale  of  figures  the 
decimal  system  founded  upon  the  basis  of  the  scale  was  undoubtedly 
superior  to  all  others.     The  great  disadvantage  in  his  opinion  of 
decimalising  the  inch,  as  the  unit  of  measure  in  England,  was  that 
every  other  measure  of  length  or  capacity  would  then  have  to  be 
changed,   since  the  inch  had   no  decimal  gelation   to    the   other 
measures  of  length,  area,  capacity,   and  weight.      Under  such    a 
system  therefore  the   inch  would  be    the   only  one  retained   of 
all  the  English  measures,  and  the  rest  must  all  be  altered,  involving' 
nearly  if  not  quite  as  much  difficulty  as  an  entire  alteration  to  the 
metre  system.     The  same  remark  of  course  applied  in  taking  any 
other  English  measure  as  the  unit ;  and  although  in  relation  to 
decimal  measurement  the  question  of  the  standard  unit  of  measure 
was  in  the  abstract  of  secondary  importance,  yet  the  practical 
objection  to  setting  up  any  other  unit  instead  of  the  metre  was  that 
there  would  then  be  two  standard  units,  and  the  advantages  of  a 
universal  system  would  be  lost.     Hence,  if  it  were  on  this  ground 
alone,  he  thought  the  adoption  of  the  metre  system  was  highly 
desirable  in  this  country ;   and  it  had  the  advantage  of  being  a 
system  ready  made  to  hand,  perfectly  carried  out,  and  already  tested 
in  actual  use.     The  whole  metre  system  of  weights  and  measures 
was  connected  decimally  with  the  metre :  the  cube  of  a  centimetre 
fiUed  with  water  weighed  1  gramme,  which  was  the  unit  of  weight ; 
the  cube  of  a  decimetre  gave  the  litre,  or  unit  of  capacity ;  the 
cubic  metre  or  stere  was  the  unit  of  cubic  or  sohd  measure ;  and 
the  square  of  a  decametre  gave  the  are,   or  unit  of  square  or 
superficial  measure.     In  this  way  every  unit  of  weight  and  measure 
was  obtained  at  once  direct  from  the  metre,  which  was  thus  the 
basis  of  the  entire  system.      The  same  advantages  could  not  be 
attained  by  any  other  method  except  under  a  similar  decimal  scale ; 
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and  hence  the  desirability  of  taking  at  once  tlie  same  unit  as  the 
basas  of  the  system,  and  thns  adopting  the  metre  system  in  its 
integiity,  with  the  whole  of  its  weights  and  measures,  and  similar 
designations  for  the  several  quantities. 

In  connection  with  the  question  of  popnlation,  as  bearing  upon 
the  adoption  of  the  metre  as  the  unit  of  decimal  measure,  was  the 
amount  of  the  home  produce  exports  from  this  country  to  the 
ooantries  fovouring  the  metre  system  and  to  those  using  the  present 
English  weights  and  measures.  It  appeared  that  in  1861  the  value 
of  the  home  produce  exports  to  countries  usiug  the  metre  system 
amounted  to  as  much  as  55  million  £,  while  the  exports  to  countries 
using  the  English  system  came  to  only  24  milHon  £ ;  and  further, 
that  iu  the  eight  years  from  1853  to  1861  the  exports  to  the  former 
countries  had  increased  in  value  from  32  to  55  milHon  £,  while 
those  to  the  latter  countries  had  actually  decreased  in  the  same 
ttme  from  43  to  only  24  nullion  £.  He  therefore  thoughfc  that  any 
alteration  in  the  weights  and  measures  of  this  coimtry  shoxdd  be 
made  so  as  to  suit  the  great  bulk  of  our  customers  and  those  who 
had  increased  and  were  increasing  their  trade  with  this  country  to 
Hhe  greatest  extent.  The  question  had  been  brought  before  the 
associated  Chambers  of  Commerce,  and  urged  upon  this  ground ; 
and  they  came  to  the  unanimous  conclusion  that  in  any  change  it 
was  desirable  to  adopt  the  metre  system,  because  it  would  simplify 
all  foreign  transactions.  It  would  abo  extend  to  commerce  the 
advantages  already  experienced  in  the  sciences  fr^m  the  use  of  a 
aniversal  nomenclature  in  each  science,  whereby  scientific  men  in 
different  countries  were  enabled  to  interchange  their  ideas  upon  any 
snbject  without  being  minutely  conversant  with  the  languages  of 
other  countries  than  their  own ;  and  such  an  advantage  in  the  case 
of  weights  and  measures  was  a  most  important  point  to  be  kept  in 
view  in  making  any  change. 

It  had  been  advanced  as  a  reason  for  still  retaining  the  inch  and 
using  it  as  the  basis  of  the  decimal  system  in  this  country  that  it 
had  existed  already  from  some  thousand  years.  But  on  the  other 
hand  it  appeared  that  the  metre  system,  which  had  only  been 
esCaUiBhed  about  thirty  years,  and  had  been  adopted  in  the  first 

I 
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instance  only  by  a  nation  whose  trade  must  be  considered  small  in 
comparison  with  that  of  this  country,  had  yet  been  found  so 
advantageous  by  other  countries  that  in  the  extent  of  its  use  it  had. 
not  only  overtaken  the  inch  system,  which  had  been  established  for 
BO  long  a  period,  but  had  rapidly  passed  it,  and  was  now  either 
used  or  being  adopted  by  more  than  twice  as  large  a  population  as 
that  using  the  inch.  The  metre  was  thus  fast  ousting  the  inch ;  and 
whether  this  country  assented  to  the  change  or  not,  there  was  no 
doubt  that  all  the  other  civilised  European  nations  would  adopt  the 
metre ;  and  if  England  persisted  in  adhering  to  another  standard, 
it  would  sooner  or  later  be  in  an  isolated  position,  differing  from  all 
the  rest  of  the  world. 

While  a  broader  view  should  therefore  be  taken  of  the  subject 
than  to  confine  the  consideration  of  it  to  engineering^  work,  he 
thought  that  even  in  this  connection  the  metre  would  be  found 
preferable  to  the  inch,  in  consequence  of  the  simple  decimal  relation 
which  he  had  already  mentioned  as  subsisting  between  the  lengths 
and  weights  and  other  measures  of  the  metre  system.  Thus  a  cubic 
metre  of  water  weighed  1  tonne  (1000  kilogrammes),  and  was 
also  1  kilolitre  in  capacity :  and  therefore  if  it  were  required  to 
ascertain  the  weight  of  a  mass  of  rock,  measuring  say  6  metres  long 
by  3*?  wide  and  2*?  deep,  the  product  of  these  was  36,  which 
would  be  the  weight  in  tonnes  and  also  the  content  in  kilolitres  of  a 
vessel  of  water  of  those  dimensions ;  and  multiplying  this  again  by 
the  specific  gravity  of  the  rock  would  give  at  once  the  weight  of  the 
mass  of  rock  of  that  size.  The  inch  on  the  contrary  had  no  simple 
decimal  relation  to  the  pound  weight,  and  could  have  no  such 
relation  except  by  reconstructing  the  whole  of  the  present  tables  of 
weights  and  measures,  which  would  be  better  efiected  by  the 
substitution  of  the  complete  metre  system  at  once.  He  therefore 
strongly  supported  the  adoption  of  the  metre  system  in  this 
country. 

Mr.  C.  W.  Siemens  said  he  had  paid  some  attention  to  the 
subject  of  the  metre  system,  and  had  carried  out  a  good  deal  of 
work  in  France  with  the  metre  scale,  but  had  not  found  any 
inconvenience  in  working  upon  that  system.     His  own  draughtsmen 
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eftsOj  feD  into  the  habit  of  working  with  the  metre  scale,  and  he  had 

had  frequent  opportunities  of  watching  its  working  in  the  hands  of 

French    workmen.      There     was     one    misconception    frequently 

entertained  in  this   country  with  regard  to    the  metre,    namely 

that   as    the    metre    was    the    basis    of    the    system    it    must 

necessarily  be  taken  as  the  xmit  of  measure  in  all  instances.     This 

was  not  at  all  the  case  in  France  however,  where,  although  the 

metre  was  the  basis  of  the  system,  the  millimetre  was  really  the 

unit  in  mechanical   engineering,  and  mechanical  drawings  were 

figured  not  in  metres  but  in  millimetres.     He  found  the  millimetre 

was  a  Tery  convenient  unit  for  setting  out  small  mechanical  work ; 

for  being  equal  to  about  l-25th  inch  it  was  smaller  than  1-1 6th  inch 

and  larger  than   l-32nd  inch,   and    was  therefore   just   such    a 

dimension  as  a  workman  could  still  readily  appreciate  in  following  a 

drawing.      Of  course  the  millimetre  without  frirther  subdivision 

would  not  suffice  to  jneasure  with  such  wonderful  precision  as  was 

attained  by  Mr.  Whitworth*s  system  of  contact  measurement,  which 

bad  been  carried  out  in  connection  with  the  inch  divided  decimally. 

But  for  such  accurate  measurements  the  unit  of  measure  employed  was 

of  Httle  consequence,  since  any  unit  could  be  decimally  subdivided  to 

such  an  extent  as  to  give  the  required  degree  of  accuracy ;  and  under 

the  metre  system   the  millimetre  was   subdivided    for  the  very 

minutest  descriptions  of  work  into  100  parts  called  centiemes,  each 

of  which  was  equal  to  about  l-2500th  inch,  and  was  therefore  as 

suitable  for  very  small  measurements  as  the  thousandth  of  an  inch. 

Moreover  independent  of   the  metre   being  so   convenient  a 

measure  for  ordinary  commercial  purposes  and  already  so  extensively 

adopted,  he  thought  it  deserved  serious  consideration  whether  it 

wonld  be  wise  to  abandon  altogether  a  measure  of  some  such  length 

as  the  yard  or  the  metre,  as  would  be  the  case  if  the  inch  were  taken 

as  the  unit  of  measure.     He  agreed  that  in  respect  to  its  verification 

the  metre    was    not   an    absolute  length;    but    that    was   really 

not  a   matter  of    consequence,    since,    if   the    quadrant    of   the 

earth's    circumference    were    measured    a    hundred    times,    each 

measurement  would  be  likely  to  differ  from  all  the  rest ;  and  if  the 

measurement  were  taken  several  hundred  years  hence,  perhaps  the 
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earth  itself  would  have  slightly  altered  in  size  during  that  period. 
The  verification  of  the  metre  was  therefore  dependent  npon  -tlie 
accuracy  of  copying  an  original  standard,  jnst  the  same  as  in  tHe 
case  of  verifying  the  inch;  and  this  original  standard  wonld 
always  be  referred  to,  instead  of  meaBuring  the  quadrant  of  tlie 
earth  over  again.  It  was  nevertheless  of  some  importance  that  tlie 
unit  of  length  should  be  a  measure  referable  to  the  size  of  tlie 
earth,  because  it  was  then  easily  applied  to  geographical  and  even 
astronomical  purposes;  and  in  this  respect  the  metre  had  an 
advantage  as  the  unit  of  length,  in  being  approximately  an  even 
decimal  subdivision  of  the  quadrant  of  the  earth's  circumference. 

He  concurred  entirely  in  the  desirability  of  having  a  system  of 
measure  in  which  there  should  be  a  direct  decimal  relation  between 
lineal,  square,  and  cubic  measure,  and  between  these  and  weight,  as 
had  been  explained  to  be  the  case  under  the  metre  system.     It  liad 
been  correctly  explained  that  the  metre  afforded  a  very  great  facility 
for  ascertaining  the  weight  of  any  bulk  of  material,  its  linear 
dimensions  and  specific  gravity  being  known.     There  was  then  the 
least  denuHid  made  upon  the  memory,  since  the  spedfio  grayity  of 
different  substances  was  all  that  had  to  be  borne  in  mind,  instead 
of  a  number  of  practical  roles  having  to  be  recollected,  which 
were  applicable  to  one  material  only.     The  product  of  the  cubic 
dimensions  of  any  substance  in  metres  multiplied  by  its  specific 
gravity  gave  the  weight  of  the  substance  in  tonnes,  being  almost 
identical  with  English  tons,  or  in  kilogrammes  when  the  decimal 
point  had  been  shifted  three  places  to  the  right.     Upon  the  whole 
he  considered  it  would  be  far  better  to  adopt  the  metre  system 
in  this  country,  in  accordance  with  the  other  nations  who  were 
already  using  it,  than  to  decimalise  a  separate  unit  which  would 
never  work  afberwards  in  harmony  with  the  rest  of  the  world. 

Mr.  James  Heywood,  as  a  member  of  the  deputation  from 
the  International  Decimal  Association,  said  that  in  advocating  the 
metre  system  before  the  British  Association  he  had  found  the 
statistical  section  were  generally  in  &vour  of  the  metre,  but  in  the 
mechanical  section  there  was  more  difference  of  opinion,  and  several 
engineers    opposed    the  introduction  of  the    metre  system    and 
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preferred  the  plan  of  taking  the  incli  as  the  basis  of  measnreinent. 

He  thought  however  the  probability  was  that  the  public  feeling  of 

this  conntiy  would  ultimately  decide  in  fayonr  of  the  metre ;  because 

as  England  was  connected  with  all  the  rest  of  the  world  by  trade,  it 

was  greatly  to  her  interest  that  any  change  shonld  be  in  harmony 

with  the  cnstom  of  other  great  nations.     The  Anglo-Saxon  people 

had  not  hitherto  taken  any  decided  step  in  the  matter,  whibt  many 

of  the  continental  nations  had  decidedly  prononnced  in  &.yonr  of  the 

metre,  and  its  nse  was  widely  spread  through  all  those  countries. 

In  the  North  American   States  however  a  commission  had  been 

appointed  to  consider  the  question.     Adverting  to  one  point  of 

detail  in  the  two  systems,  which  had  been  urged  on  the  side  of  the 

inch  in  the  paper  that  had  been  read,  he  did  not  agree  in  thinking 

that  14*67  millimetres  was  a  lees  convenient  expression  for  a  rifle 

bore  than  577  thousandths  of  an  inch ;  on  the  contrary  he  was  of 

opinion  that  for  a  workman  using  such  measurements  it  would  be 

easier  to  take  14  millimetres  with  only  two  decimal  places  following 

than  to  take  the  whole  in  decimals  of  an  inch  to  three  places.   He  had 

been  much  struck  with  the  observations  of  Mr.  Tite  at  last  year's 

meeting  of  the  British  Association  at  Bath,  upon  the  results  of  his 

experience  as  an  architect  in  large  works  on  the  continent  in  which 

the  metre  system  was  used :  that  system  had  proved  so  much  more 

convenient  in  large  calculations  than  the  English  system  that  he  had 

Always  used  it  since,  and  recommended  it  very  strongly  as  a  matter 

of  business,  since  the  calculations  were  all  in  the  decimal  system  and 

there&re  made  with  less  labour,  and  reqTured  a  smaller  number  of 

clerks.     In  Germany  there  had  been  meetings  of  engineers  and 

others  practically  interested  in  the  pubHc  works  of  the  country^ 

>i^d  the  reports  represented  them  as  almost  unanimous  in  favour 

of  the  metre  system.     That  system  had  been  gradually  working  its 

way  into  Germany  through  the  railways  from  France,  which  carried 

everything  wAghed  in  kilogrammes;  and  to  avoid  the  trouble  of 

weighing  everything  over  again,  the  Germans  had  adopted  the  kilo- 

giamme,  which  weighed  a  Httle  more  than  2  lbs.     The  change  to  the 

new  system  was  the  great  difficulty  for  this  countiy ;  but  the  points  of 

dissimilarity  between  the  metre  system  and  the  present  weights  and 
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measures  were  not  so  serious,  lie  thonglit,  but  that  intelligfent 
workmen  would  soon  become  accustomed  to  tbe  new  system ;  and 
for  the  population  at  large  it  must  be  introduced  into  the  schools  of 
the  country,  so  that  the  next  generation  might  be  prepared  for  a 
complete  change,  as  he  believed  the  world  was  moving  on  in  tlie 
direction  of  a  universal  adoption  of  the  metre  system. 

Mr.  J.  Scott  Russell  remarked  that,  although  he  had  a  great 
preference  for  the  existing  standards  of  measurement  in  this  country, 
he  did  not  think  that  any  change  which  was  to  be  a  great  advantage 
and  an  important  boon  to  the  next  generation  ought  to  be  opposed 
on  the  mere  ground  of  its  great  inconvenience  at  the  present  time  ; 
and  he  considered  the  country  at  large 'was  greatly  indebted  to  the 
International  Decimal  Association  for  the  manner  in  which  they  had 
brought  the  subject  of  decimal  measurement  and  the  metre  system 
before  the  attention  of  the  public.     He  believed  that  the  decimal 
system  would  ultimately  become  universal ;  and  if  persuaded  that 
the  metre  had  a  fair  chance  of  becoming  the  universal  standard  of 
measure  throughout  Europe,  he  would  be  ready  to  incnr  the  great 
inconvenience  of  making  the  transition  &om  the  present  standards, 
in  order  to  facilitate  the  transactions  of  the  next  generation.     Many 
concurred  in  this  sentiment,  which  he  considered  must  be  regarded 
as  a  very  liberal  concession  on  the  part  of  mechanical  engineers, 
because  there  was  no  other  description  of  work  whatever  in  which 
half  so  much  trouble  and  inconvenience  would  be  suffered  from  a 
change  of  measure  as  in  mechanical  engineering.     "No  doubt  the 
metre  might  be  inconvenient  for  the  more  common  transactions  of 
other  trades,  but  the  change  was  a  far  more  serious  matter  in 
engineering  work,  because  it  would  utterly  disarrange  all  the  habits 
of  thought  of  mechanical  engineers,  who  might  be  said  to  carry  the 
inch  in  their  eye  and  to  have  the  foot  incorporated  in  their  entire 
business  operations  as  the  existing  standards  of  measure.     Under 
such  circumstances  an  alteration  to  a  new  standard  involved  a  great 
sacrifice,  which  however  he  thought  mechanical  engineers  were 
prepared  to  make  if  it  could  be  shown  that  the  metre  system  was 
inevitably  coming  in  the  next  generation,  that  it  would  be  a  great 
national   advantage,  and  that  great  good  would   be   effected   by 
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making  the  cbange  as  rapidly  as  possible.  There  certainly  appeared 
probabilities  of  a  uniYersal  standard  of  measnre  for  Europe,  and  it 
seemed  not  unlikely  that  tbe  standard  would  be  the  metre. 

The  metre  system  possessed  unquestionably  the  great  advantage 

which  had  been  pointed  out,  of  a  direct  decimal  relation  between 

the  measurement  of  any  bulk  and  the  weight  of  that  bulk,  without 

requiring  anything  to  be  remembered  beyond  the  specific  gravity  of 

the  substance  under  consideration.     In  his  own  work  of  shipbuilding 

he  had  found  that  it  would  be  a  great  help  to  all  calculations 

connected  with  ships  if  there  were  a  habit  of  thinking  in  some  unit 

which  bore  an  exact  integral  proportion  to  a  ton  of  water :  and  it 

was  the  fault  of  the  present  inch  and  foot  that  neither  of  them  gave 

any  convenient  factor  in  relation  to  a  ton  of  water.     For  a  ton  of 

water  consisted  of  35 '955  cubic  feet,  and  the  long  decimal  fraction 

was  BO  inconvenient  tbat  he  had  been  led  to  get  rid  of  it  in  his 

experiments  with  models  by  adding  so  much  salt  to  the  water  as 

should  make  it  weigh  exactly  35  cubic  feet  to  the  ton.     It  so 

happened  that  the  water  containing  that  amount  of  salt  was  a 

tolerably  fair  average  of  sea  water;    and  he  had  made   all   his 

calculations  in  shipbuilding  upon  water  of  that  description,  on 

account  of  the  convenience  of  the  simple  factor  connecting  cubic 

measure  with  tons.     The  metre  had  in  this  respect  an  advantage 

over  the  inch  or  foot,  and  he  thought  it  was  so  great  an  advantage 

in  practice  for  engineering  and  shipbuilding  purposes,  that  although 

he  agreed  in  the  advantages  of  decimalising  the  inch  for  mechanical 

engineering  work,  he  was  opposed  to  adopting  any  system  which 

would  require  all  measures  first  to  be  reduced  to  inches  and  then  to 

he  transformed  to  the  metre  scaJe  for  comparison  with  the  rest  of 

Enrope.     The  advantages  of  decimalising  the  inch  however  were 

limited  to  the  class  of  work  in  which  the  inch  was  most  largely 

involved  as  the  unit ;  and  he  did  not  think  it  desirable  to  go  farther 

and  attempt  to  extend   the  inch  system  so  as  to  include  the 

measorement  of  long  distances,  such  as  miles,  since  it  was  evidently 

inLpracticable  to  think  of  miles  or  similar  long  measurements  in 

inches. 
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WitH  regard  to  the  manner  in  wluch  a  change  to  the  metre 
should  be  effected,  he  entirely  agreed  in  considering  that  the  proper 
way  was  to  have  the  metre  system  taught  at  once  in  all  schools  so 
that  the  next  generation  might  be  prepared  for  its  general  use,  and 
to  urge  its  simultaneous  adoption  in  all  the  other  European 
countries  in  which  ifc  was  not  at  present  used ;  and  the  sooner  it 
could  be  carried  out  universally,  the  better  would  it  be  for  all 
pursuits,  since  a  state  of  transition  was  attended  with  many  trials 
and  inconveniences.  In  the  meantime  the  decimal  system  should  be 
employed  as  far  as  possible  in  connection  with  the  existing  weights 
and  measures;  and  when  the  ultimate  change  came,  he  was 
confident  mechanical  engineers  would  be  found  ready  to  incur  the 
great  sacrifice  which  it  would  involve,  in  order  that  the  succeeding 
generation  might  enjoy  the  full  benefits  of  the  perfect  decimal 
system  founded  upon  the  metre. 

Mr.  Leonb  Levi,  the  Secretary  of  the  International  Decimal 
Association,  said  he  had  been  present  at  numerous  statistical 
meetings  held  during  the  past  few  years  in  the  principal  capitals  of 
Europe,  at  which  statistical  information  upon  a  variety  of  topics  had 
been  sent  in  from  the  different  countries  taking  part  in  the  meetings ; 
but  although  the  information  so  contributed  was  drawn  up  in  the 
same  tabular  form  in  each  case  for  the  purpose  of  comparison,  it 
was  found  that  the  differences  in  the  weights  and  measures  of  the 
several  countries  caused  as  much  trouble  in  reducing  them  to  the 
same  denominations  as  there  would  have  been  in  compiling  the 
tables  afresh.  The  evil  was  so  great  that  at  the  very  first  meeting, 
held  in  Brussels  in  1853,  it  was  resolved  to  recommend  a  uniform 
system  of  weights  and  measures  as  essential  to  the  advancement  of 
civilisation  and  international  communication.  As  however  this 
general  recommendation  produced  no  effect,  a  commission  was 
appointed  to  report  upon  the  weights  and  measures  in  the  different 
countries  of  Europe,  and  their  relative  merits  and  defects ;  and  the 
result  was  that  at  the  international  statistical  meeting  at  Berlin  in 
1862  it  was  resolved  to  recommend  the  universal  adoption  of  the 
metre  system.  In  the  same  manner  at  the  International  Exhibitions 
both  of  1851  and  1862,  the  jurors  who  examined  the  productions  of 
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the  different  cotintrieB,  in  order  to  report  wluch^were  the  best  and 
cheapest,  fonnd  from  the  same  canse  that  they  conld  not  arrive 
at  anj  decided  conclnsion.  The  difficulties  snrronnding  their  duty 
from  the  differences  in  the  weights  and  measnres  employed  were 
BO  great  that  they  conld  not  help  recommending  that  these 
differences  shonld  if  possible  be  done  away  with. 

Many  of^  the  considerations  advanced  in  favonr  of  the  metre 

Bjatem  were  no  donbt  extraneons  to  mechanical  engineering ;  bnt 

this  branch  of  work  could  not  be  treated  independently  of  other 

departments  of  indnstry,  since  the  interests  of  the  whole  country 

were  Ixnmd  np  together  in  the  question.     Discoveries  in   other 

eoantries  in  the  various  sciences,  although  known  at  once  throughout 

the  civilised  world,  were  yet  deprived  at  present  of  much  of  their 

practical  value,  from  the  difficulty  experienced  in  this  countxy  in 

dealing  with  foreign  weights  and  measures;  and  foreign  men  of 

sdence  were  similarly  prervented  from  arriving  at  correct  results, 

and  if  ih^  attempted  to  reduce  the  English  weights  and  measures 

into  the  metre  system,  great  danger  of  mistakes  was  incurred  and 

much  valuable  time  wasted.     The   extent  of  the  difficulty   was 

moreover  fully  appreciated  by  Englishmen  when  they  had  occasion 

to  travel  abroad  and  by  foreigners  coming  to  this  country.     These 

and  many  other  general  considerations  in  connection  with  the 

sabject  were  common  to  the  whole  world,  and  he  thought  they 

led  to  the  inevitable  conclusion  that  a  universal  system  of  weights 

and  measures  was  an  object  well  worth  attaining,  and  therefore 

worth  taking  some  trouble  to  attain.     Other  European  nations  had 

got  over  the  difficulty  of  making  the  change  to  the  metre  system, 

and  he  was  sure  that  England,  with  all  the  means  of  education  that 

were  at  her  command,  would  learn  it  more  easily  than  any  other 

country ;  so  that  the  difficulty  need  not  enter  into  the  question  at 

aQ,  and^the  only  matter  to  be  considered  was  whether  the  metre 

system  was  good  and  the  change  desirable. 

In  originating  the  metre  system,  the  French  nation,  who  had 
the  credit  of  practically  introducing  and  establishing  it,  had 
scmpulously  guarded  it  against  any  possible  imputation  of  being 
merely  a  French  scheme,  started  solely  for  the  honour  and  advantage 
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of  their  own  country.  The  unit  that  had  been  taken  as  the  basis 
of  the  system  was  a  natural  unit,  based  upon  one  of  the  great 
dimensions  of  nature;  and  the  nomenclature  of  the  system  had 
purposely  been  constructed  upon  Greek  and  Latin  terms,  in  order 
that  it  might  become  equally  the  property  of  all  the  nations  in  the 
world.  Moreover  the  French  academicians  engaged  in  constructing 
the  system  had  invited  the  aid  and  co-operation  of  a  scientific 
commission  from  England,  in  order  that  there  might  be  no  groniid 
for  any  national  prejudice.  He  therefore  thoaght  this  question, 
standing  as  it  did  upon  a  broad  enlightened  and  international  basis, 
well  deserved  the  careM  consideration  of  the  English  nation. 

Mr.  J.  Fernie  thought  that,  in  regard  to  the  estimate  given  in 
the  paper  of  the  population  in  favour  of  the  metre  or  the  Inch,  the 
Indian  empire  might  properly  be  taken  on  the  side  of  the  inch,  on 
account  of  the  very  large  quantity  of  machinery  that  was  sent  out 
there  from  this  country,  which  was  aU  constructed  upon  the  basis  of 
the  inch.  The  apparent  preponderance  of  numbers  in  favour  of  the 
metre  appeared  to  be  obtained  by  including  countries  which  at  most 
could  only  be  said  to  be  aiming  at  the  metre ;  and  he  thought  these 
could  scarcely  be  admitted  into  comparison  with  the  countries  which 
might  be  claimed  as  having  the  inch  in  actual  use.  The  reason  why 
so  many  other  countries  had  readily  accepted  the  metre  system  was 
he  believed  because  they  had  previously  no  system  at  all,  and  were 
therefore  glad  to  avail  themselves  of  a  complete  system  which  was 
offered  ready  made  for  their  use.  But  this  was  not  the  case  with 
England,  in  which  was  already  established  a  complete  decimal 
system  of  subdivision  based  upon  the  inch;  and  as  the  recent 
act  of  parliament  had  legalised  the  use  of  the  present  weights 
and  measures  decimalised,  he  did  not  see  his  way  to  the  adoption  of 
a  universal  system  based  upon  the  metre.  As  to  the  metre  itself 
being  a  natural  unit,  he  had  shown  in  the  paper  that  its  supposed 
advantage  in  that  respect  was  destroyed  by  the  spheroidal  shape  of 
the  earth ;  and  the  only  natural  standard  that  would  have  the 
advantage  of  being  a  single  or  unique  dimension  was  the  polar 
axis  of  the  earth,  which  had  already  been  suggested  for  the  purpose. 
He  was  very  glad  to  have  had  an  opportunity  of  hearing  the  views 
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entertuned  hj  the  advocates  of  the  metre  system,  who  had  commn- 
nicated  much  usefiil  information  upon  the  subject ;  and  it  was  only 
hj  a  Ml  discussion  of  the  question  in  this  manner  that  the 
desideratum  of  a  universal  standard  unit  of  decimal  measure  could 
ultimately  be  arrived  at. 

The  President  thought  one  of  the  greatest  and  most  immediate 
objections  to  the  adoption  of  the  metre  system  in  connection  with 
engineering  work  was  the  great  expense  which  would  attend 
canjisg  it  out ;  and  he  did  not  think  a  proper  estimate  could  be 
formed  at  present  of  the  cost  that  would  be  incurred.  Otherwise 
he  had  found  those  to  whom  he  had  spoken  on  the  subject  were 
favoivable  to  the  adoption  of  a  decimal  system ;  and  he  believed 
that,  if  the  thorough  utility  of  the  metre  system  was  made  clear  to 
the  mechanical  engineers,  they  would  in  general  be  most  willing 
to  adopt  it. 

He  proposed  a  vote  of  thanks  to  Mr.  Femie  for  his  paper,  which 
^aspaased. 


The  Meeting  then  terminated  ;  and  in  the  evening  a  number  of 
the  Members  dined  together  in  celebration  of  the  Eighteenth 
Aoniversaiy  of  tlie  Institution. 


PROCEEDINGS 


4  May,  1865. 


The  Qenbkal  Meeting  of  the  Members  was  held  in  the  Lecture 
Theatre    of    tlie    Midland    Institute,   Birmingham,   on   Thursday, 
4ih  May,  1865 ;  Frederick  J.  Bramwell,  Esq.,  in  the  Chair. 
The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 
The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected : — 


MEMBERS. 


William  Daniel  Allen,    . 
John  Bailey,  .   . 

Willum  Barclay, 
Walter  Broce, 
Henry  Lee  Corlett, 
Abraham  Darby,  . 
Benjamin  Dobson, 
Walter  Eluot,    . 
William  Dunn  Gainspord, 
William  Gibbs, 
David  Greio, 

William  Dakin  Grimshaw, 
Henry  Hyde,  R.E.,  . 
John  Jackson, 
Joseph  Ledoer, 
Frederick  Allen  Leioh, 
Francis  Carr  Marshall,  . 
Robert  Morton,  . 


Sheffield. 

Dublin. 

Inverness. 

Glasgow. 

Dublin. 

Ebbw  Yale. 

Bolton. 

Gibraltar. 

Sheffield. 

Wolverhampton. 

Leeds. 

Birmingham. 

Calcutta. 

Alderney.  • 

Workington. 

Manchester. 

Jarrow. 

Stockton-on-Tees. 

L 
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WiLLUM  Mallabbt  Mubdock, 

Alexander  Pabkes, 

William  Perry, 

Job  Richards, 

John  Richardson, 

William  Mander  Sparrow,  . 

WlLLL^M    StROUDLEY,  . 

Edward  Willums, 
Solomon  Woodall,    . 


Northainpton. 

Birmingham. 

Wednesbmy. 

Smethwick. 

Gloucester. 

Wolverhampton , 

Glasgow. 

Dowlais. 

Dudley. 


graduate. 
Edward  Edwards  Hewett,  . 


Derby. 


The  following  paper  was  then  read : — 
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ON   THE    APPLICATION    OF    STEAM    POWER 

TO    CULTIVATION. 


By  the  late  Mr,  JOHN  FOWLER,  and  Mr.  DAVID  GBEIG,  op  Leeds. 


In  a  paper  on  this  Bubject  read  by  Mr.  Fowler  at  a  former 
meeting  of  the  Institution  on  29th  April  1857  (see  Proceedings 
Inst.  M.  E.  1857,  page  57),  reference  was  made  to  the  Draining 
Plongh,  first  drawn  by  horse  power  and  afterwards  by  steam, 
and  to  the  conrse  of  experience  that  the  writer  had  with  that 
implement,  which  had  led  him  step  by  step  to  the  application 
of  Bteam  power  to  the  ordinary  purposes  of  cultivation.  In  that 
paper  the  results  of  his  experience  were  given  for  the  previous 
seven  years,  during  which  this  work  had  been  developed ;  and  in 
the  present  paper  the  subject  is  proposed  to  be  continued  by  the 
results  of  his  subsequent  experience  in  carrying  out  the  application 
of  steam  power  to  cultivation  during  the  last  eight  years.  This 
paper,  which  was  left  unfinished  at  the  time  of  Mr.  Fowler's  recent 
death,  has  been  completed  by  Mr.  David  Greig,  who  had  been  long 
associated  with  him  in  carrying  out  Steam  Cultivation. 

In  considering  the  mechanical  problem  to  be  solved  in  the 
appUcation  of  steam  power  to  agriculture,  it  is  requisite  before 
referring  to  the  design  of  any  particular  machine  to  examine  the 
general  principles  on  which  the  application  of  mechanical  power  to 
cultivation  can  best  be  effected.  To  do  this  effectually  it  is  necessary 
to  ascertain  the  nature  and  extent  of  the  difficulties  to  be  overcome ; 
and  these  may  be  stated  to  be  the  following : — 

I.   The  irregularities  of  level  in  the  surface  to  be  acted  upon. 

n.  The  varying  positions  of  the  machinery  upon  the  ground, 
rendered  necessary  as  the  work  proceeds. 

in.  The  difficulty  of  getting  heavy  engines  of  sufficient 
strength  moved  about  where  no  roads  exist. 
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IV.  The  production  of  a  rope  of  sufficient  strength,  hardness  and 
elasticity  to  stand  the  work. 

Y.  The  changes  in  the  state  of  the  soil  from  the  effects  of 
weather. 

I. — First  with  regard  to  the  irregularities  of  level  in  the  surface 
of  the  land  to  be  cultivated. 

The  first  idea  which  naturally  occurs  in  applying  steam  power  is 
that  of  attaching  the  motive  power  direct  to  the  implement,  as  is 
done  in  the  case  of  horses.  But  experience  has  proved  that  the 
power  required  to  move  a  steam  engine  over  the  land,  of  sufficient 
power  and  weight  for  traction  purposes,  is  quite  impracticable,  from 
the  fac$t  that  such  an  engine  would  weigh  at  least  12  tons,  and 
would  in  many  cases  absorb  as  much  as  30  horse  power  in  the  mere 
act  of  moving  itself  at  the  rate  of  2 J  miles  per  hour.  Moreover 
when  the  land  gets  at  all  wet  and  greasy  on  the  top,  it  becomes 
quite  impossible  to  make  such  an  engine  travel  over  the  soil.  Also 
the  compression  caused  by  its  travelling  over  the  land  would  in 
most  cases  neutralise  the  good  otherwise  effected  by  the  cultivating 
implement ;  so  that  any  advantage  which  there  might  be  in  direct 
action  would  be  more  than  counterbalanced  by  the  practical  difficulties 
that  stand  in  the  way  of  its  adoption. 

Under  these  circumstances  it  becomes  absolutely  necessary  to 
convey  the  power  over  the  surface  of  the  land  by  means  of  a  rope, 
allowing  the  prime  mover  to  stand  in  the  most  direct  position  for  its 
work  and  exert  all  its  force  in  accomplishing  the  operation  to  be 
performed.  The  employment  of  wire  rope  for  this  purpose  was  at 
first  attended  with  considerable  drawbacks,  both  from  the  difficulty 
involved  in  the  application  itself,  and  from  the  wear  of  the  rope ;  the 
latter  was  chiefly  caused  by  the  amount  of  friction  the  rope  was 
exposed  to,  which  involved  also  a  loss  of  power. 

The  use  of  wii*e  rope  in  the  cultivation  of  the  soil  was  gradually 
developed  from  its  commencement  to  its  present  successful  application. 
The  First  system  of  using  rope  was  by  placing  the  engine  in  a 
stationary  position  at  the  side  or  corner  of  the  field  to  be  cultivated, 
as  shown  in  the  diagram  Fig.  1,  Plate  1,  and  leading  the  rope  all  round 
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the  margin  of  the  field ;  the  two  ends  of  the  rope  were  attached  to 
two  winding  drains  at  the  engine,  giving  ont  and  taking  in  the  rope 
alternately,  and  the  plough  or  cultivating  implement  being  attached 
to  the  middle  of  the  rope  was  hauled  backwards  and  forwards  across 
the  field.  This  rectangular  arrangement  involved  a  great  deal  of 
fixing  of  machinery  in  the  field  before  conmiencing  operations, 
including  fixing  the  engine  and  windlass,  fixing  a  pulley  or  snatch- 
block  at  each  of  the  two  corners  of  the  field  nearest  to  the  engine, 
and  a  large  number  of  rope  porters  or  carrying  pulleys ;  it  also 
entaOed  two  moveable  anchors,  one  at  each  end  of  the  line  of  traverse 
of  the  implement,  which  had  to  be  shi^d  by  some  means  each  time 
that  the  traverse  was  reversed,  so  as  to  lead  the  implement  into  a 
fref^h  line.  The  general  construction  of  the  Kope  Porters  is  shown 
in  rigs.  5  to  10,  Plate  5 :  Figs.  6  to  7  show  the  larger  kind  used  for 
the  permanent  lines  of  rope;  and  Figs.  8  to  10  show  the  small 
porters  for  the  rope  attached  to  the  implement,  which  are  withdrawn 
and  placed  again  by  boys  as  the  implement  passes  across  the  field. 
In  employing  such  an  arrangement  of  tackle,  the  consideration  of 
the  complication  of  the  parts,  the  numerous  pulleys  and  frequent 
bending  of  the  rope  over  the  pulleys,  which  were  of  necessity  small 
in  diameter,  and  the  great  time  required  for  fixing  the  apparatus, 
early  led  the  writer  to  the  conclusion  that  such  a  plan  of  applying 
power  could  not  prove  permanently  successftd  ;  and  although  it  has 
been  extensively  used  it  is  now  generally  superseded  by  more 
direct  and  simple  arrangements. 

The  Second  mode  of  using  wire  rope,  shown  in  Fig.  2,  Plate  2, 
vaa  merely  a  modification  of  the  first,  and  consisted  in  placing 
the  stationary  engine  and  windlass  in  the  centre  of  one  side  of  the 
field,  and  leading  the  ropes  away  diagonally  across  the  field  to  two 
moreahle  anchors  placed  at  each  end  of  the  line  of  traverse  of  the 
implement.  A  pair  of  horizontal  leading  pulleys  attached  to  the 
windlass  allowed  the  rope  to  pass  off  at  the  varying  angles  which  the 
progress  of  the  work  required,  until  both  the  moveable  anchors  came 
in  a  straight  line  with  the  windlass.  By  this  triangular  plan  the 
two  fixed  pulleys  in  the  corners  of  the  field  in  Fig.  1  were  dispensed 
with,  and  fully  one  foui'th  of  the  rope  with  its  requisite  porters  was 
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saved.  This  arrangement  was  a  great  improvement  on  the  former, 
and  the  encouragement  that  it  elicited  led  to  a  farther  step,  whict. 
suggested  the  important  principle  on  which  all  subsequent  machines 
have  been  constructed,  namely  that  of  direct  pull. 

The  Third  plan  of  working  with  rope,  with  direct  pull  upon  tlie 
implement,  is  shown  in  Fig.  3,  Plate  3,  and  consisted  in  placing  t'wo 
horizontal  winding  drums  under  a  travelling  engine,  which  moved 
slowly  along  the  headland  of  the  field,  keeping  always  in  line  with. 
the  work."  The  travelling  motion  was  obtained  by  means  of  a 
pinion  gearing  into  a  large  internal  toothed  wheel  fixed  upon  one  of 
the  carrying  wheels  of  the  engine,  and  connected  to  it  by  a  friction 
clip  to  prevent  any  risk  of  injury  from  overstrain.  The  rope  wras 
stretched  from  one  winding  drum  of  the  engine  across  the  field  to 
a  moveable  anchor  on  the  opposite  headland,  and  then  back  to  the 
implement,  to  which  it  was  attached ;  and  another  rope  fr«m  the 
other  drum  was  also  attached  to  the  implement.  The  work  was 
performed  by  the  engine  winding  up  one  drum  as  it  gave  off  rope 
from  the  other,  the  implement  being  thereby  pulled  backwards  and 
forwards  across  the  field. 

The  Moveable  Anchor  is  shown  in  Figs.  11  and  12,  Plate  6,  and 
consisted  of  a  carriage  with  a  horizontal  pulley  A  mounted  on  it, 
round  which  the  hauling  rope  B  of  the  plough  worked,  while  the 
sharp-edged  carrying  wheels  C  entered  the  ground  and  resisted  the 
side  pull  of  the  rope.  The  anchor  carriage  was  moved  forward  each 
time  of  changing  the  direction  of  the  implement  by  means  of  a 
stationary  rope  D  stretched  along  the  headland  and  made  fast  at  the 
end,  as  shown  in  Fig.  3.  This  rope  was  attached  to  a  small  drum  E 
on  the  anchor  carriage,  and  a  slow  motion  was  communicated  to 
the  drum  from  the  pulley  A  by  the  two  pair  of  wheels  and  pinions  F 
being  thrown  into  gear ;  the  anchor  carriage  thus  pulled  itself  along 
the  headland  a  sufficient  distance  each  time,  so  as  always  to  keep  in 
line  with  the  implement  and  engine.  The  box  G  on  the  carriage 
was  weighted  sufficiently  to  serve  as  a  counterpoise  to  the  pull. 

The  experience  gained  in  this  plan  of  working  showed  that  the 
principle  of  direct  pull  of  the  engine  upon  the  implement  was  the 
correct  one  ;  but  the  cumbersome  an^angement  of  the  two  winding 


STEAM   CULTIVATION,  59 

drnms,  and  the  difficnlty  of  coiling  the  whole  length  of  rope 
reqnired  for  reaching  across  the  field,  together  with  the  crushing 
of  the  rope  arising  from  the  soft  material  of  which  it  was  then  made 
and  the  small  diameter  of  the  drnms  necessarily  employed,  indicated 
the  need  for  a  still  farther  modification  in  the  apparatus. 

The  next  step  was  the  employment  of  an  Endless  Bope,  stretched 
across  the  field  as  in  the  preceding  case ;  with  this  difference,  that 
the  power  was  now  communicated  to  the  rope  by  friction,  instead  of 
by  winding  on  and  off  a  drum  as  in  the  plan  last  described. 

In  order  to  secure  such  an  amount  of  hold  on  the  rope  as  to  give 
sufficient  pull,  it  was  found  necessary  to  employ  two  driving  drums 
with  four  grooves  each,  as  shown  at  AA  in  Figs.  13  and  14,  Plate  1  \ 
and  the  rope  was  led  four  times  half  round  both  drums,  as 
represented  in  the  diagram  Fig.  14,  the  two  drums  being  geared 
together  by  the  pinion  B.  By  this  means  sufficient  hold  was 
obtained  to  overcome  the  resistance  of  the  work.  In  order  to  meet  the 
variations  in  the  length  of  the  rope  occasioned  by  the  irregularities 
in  the  boundary  of  the  field,  two  light  barrels  worked  by  hand  were 
mounted  on  the  cultivating  implement,  to  which  both  ends  of 
the  rope  were  attached,  and  by  these  barrels  a  portion  of  rope  was 
let  out  or  taken  up  by  hand  as  required  to  keep  it  at  the  proper  degree 
of  tightness.  When  new,  this  apparatus  worked  very  well ;  but  the 
wear  and  tear  of  the  rope  from  its  numerous  bends,  and  more  especially 
from  another  cause  which  required  some  time  to  develop  itself, 
rendered  it  necessary  to  abandon  the  plan.  This  great  di£&culty  was 
the  impossibility  of  keeping  the  eight  grooves  in  the  driving  drums 
all  of  equal  diameter.  The  two  leading  grooves  were  found  to  be 
always  wearing  at  double  the  rate  of  the  others ;  and  all  the  grooves 
having  to  revolve  at  the  same  rate,  a  constant  surging  of  the  rope 
▼as  occasioned  by  the  difference  in  speed  of  the  circumference  of 
the  different  grooves.  This  involved  destructive  wear  of  the  rope 
and  loss  from  friction,  and  eyery  revolution  of  the  drums  caused  a 
fiirther  grinding  away,  thus  increasing  the  errors  in  the  diameters 
of  the  grooves.  As  an  instance  of  the  deterioration  thus  occasioned, 
It  may  be  mentioned  that  the  apparatus  got  into  so  bad  a  condition 
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that  the  engine  could  not  perform  one  half  of  the  work  which  was 
done  by  it  when  new. 

These  evils  led  to  a  modification  of  this  plan  of  driving,  by  the 
employment  of  a  single  driving  drum  with  two  V  grooves,  as  shown 
at  C  in  Figs.  15  and  16,  Plate  7,  round  which  the  rope  was  made  to 
take  two  three-quarter  turns,  one  in  each  groove.  This  was  effected 
by  using  two  guide  pulleys  DD,  one  on  each  side  of  the  driving 
drum  0,  which  transferred  the  rope  from  one  groove  to  the  other  of 
the  driving  drum.  In  this  case,  as  there  was  only  one  driving  drum 
with  two  grooves  in  it,  instead  of  two  drums  VTith  four  grooves 
in  each  drum,  the  wear  and  tear  was  greatly  diminished ;  and  this 
plan  of  apparatus,  although  retaining  to  some  extent  the  evils  of  the 
former,  is  still  working  successfully  in  several  places. 

The  objections  still  remaining  however  are  the  number  of  bends 
to  which  the  rope  is  subjected ;  and  from  the  grip  on  the  rope  being 
obtained  by  its  forcing  itself  into  the  V  groove  by  the  tension  put 
upon  it,  serious  wear  and  tear  result.  In  this  case  there  is  a 
compound  surging ;  for  from  the  point  where  the  rope  first  touches 
the  drum  the  pressure  forcing  the  rope  into  the  groove  increases  as 
the  rope  passes  round  the  drum,  causing  the  rope  to  lie  deeper  in 
the  groove,  whereby  it  virtually  lessens  the  diameter  of  the  drum ; 
in  consequence  of  which  the  rope  must  keep  on  surging  endways  at 
the  same  time  that  it  sinks  deeper  into  the  groove.  Although  these 
movements  are  so  small  as  to  be  imperceptible  to  the  eye,  they  are 
actually  taking  place  continually ;  and  the  result  is  serious  wear  and 
tear,  from  the  constant  grinding  motion  over  the  whole  rope  in 
succession. 

At  this  point  a  mechanical  contrivance  came  to  the  writer's  aid, 
by  which  a  sufficient  bite  can  be  obtained  with  only  one  half  turn 
of  the  rope  round  the  driving  drum,  whilst  the  rope  is  taken  hold 
of  in  such  a  manner  as  to  cause  no  friction  or  surging  whatever. 
At  the  same  time  also  the  total  number  of  bends  of  the  rope  is 
reduced  from  five  to  two,  as  there  is  only  a  single  bend  at  each  end 
of  the  field,  which  causes  a  most  important  saving  in  driving 
power  and  wear  and  tear.     By  this  mechanical  appliance  the  rope 
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was  at  once  enabled  to  perform  doable  the  amount  of  work  that  it 
conid  with  the  previous  apparatus. 

The  veiy  ingenious  contrivance  by  which  this  is  effected  is 
termed  the  CKp  Drum,  and  is  shown  in  Figs.  1 7  and  18,  Plate  8,  and  in 
detail  to  a  larger  scale  in  Figs.  19  to  24,  Plate  9.  It  consists  of  a 
series  of  pairs  of  jaws  or  cHps  *A  and  B,  hinged  round  the 
circumference  of  the  drum  close  together  in  a  continuous  line, 
forming  a  complete  groove  in  which  the  rope  C  works.  Each  pair 
of  clips  in  succession^  as  it  passes  round  to  the  point  where  the 
pressure  of  the  rope  upon  the  drum  conmiences,  closes  and 
seizes  hold  of  the  rope,  as  shown  in  Fig.  20 ;  and  continues  to 
grip  the  rope  throughout  the  half  revolution  until  reaching  the 
point  where  tlie  rope  begins  to  leave  the  drum,  when  the  cHps  fall 
open,  as  shown  in  Fig.  21,  being  relieved  from  the  pressure  of  the 
Tope.  The  amount  of  grip  is  in  all  cases  proportionate  to  the  pull  ^ 
upon  the  rope,  and  such  as  effectually  to  prevent  any  slipping. 

The  only  provision  requisite  to  suit  the  clip  drum  for  working 
with  any  size  of  rope  is  to  adjust  the  width  of  opening  of  the  clips 
to  the  particular  diameter  of  rope  to  be  driven,  by  widening  or 
contracting  the  distcmce  between  the  centres  of  motion  of  each  row 
of  clips.  This  adjustment  is  effected  in  a  very  simple  and  complete 
maimer  by  having  the  lower  row  of  clips  B  centred  upon  a  ring  D, 
Figs.  20  and  21,  which  forms  the  circumference  of  one  half  the 
depth  of  the  drum  ;  and  this  ring  is  screwed  upon  the  body  of  the 
dram  by  a  thread  chased  round  its  entire  circumference,  so  that  by 
turning  the  ring  round  in  either  direction  the  distance  between  the 
centres  of  the  upper  and  lower  clips  is  simultaneously  increased  or 
diminished  in  every  pair  to  exactly  the  same  extent,  all  of  them 
being  kept  in  perfectly  parallel  positions.  The  ring  D  is  held  in 
the  desired  position  by  the  bolt  E,  Fig.  21,  which  prevents  it  from 
tuining. 

The  lower  clip  B  of  each  pair,  having  a  heavy  overhanging 
lip  F  on  the  outside,  is  enabled  to  lift  the  upper  clip  A  by  means  of 
a  sm&Q  finger  G  projecting  from  its  inner  end  and  pressing  upon 
the  ton  of  the  upper  cUp ;  so  that  the  clips  always  remain  open 
luitil  receiving  the  pressure  of  the  rope,  and  they  fall  open  again 
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and  release  the  rope  the  moment  that  the  pressure  is  withdrawn. 
The  stop  H  on  the  upper  clip  coming  in  contact  with  the  body  of 
the  drum  prevents  the  clips  from  Mling  open  too  &r.  Figs.  22  to  24 
show  the  bolts  that  serve  as  keeps  for  holding  the  ends  of  tbe  pins 
on  which  the  clips  are  centred. 

The  action  of  the  clips  is  thns  jnst  similar  to  the  closing  of  a  band 
upon  the  rope,  laying  hold  at  once  so  firmly  that  the  rope  cannot 
slip,  and  retaining  this  hold  nniforml j  until  the  rope  is  released 
altogether  by  the  opening  of  the  clips ;  so  that  all  friction  or 
snrging  from  an  imperfect  hold  is  avoided,  as  weU  as  any  shifting 
of  the  rope  at  the  beginning  and  end  of  its  contact  with  the  dnun, 
such  as  is  inevitably  the  case  in  round  or  V  grooves.  '  At  the  same 
time  by  means  of  the  ring  D  on  which  the  lower  row  of  cHps  are 
centred,  the  hold  upon  the  rope  can  be  adjusted  to  any  desired 
amount  according  to  the  power  required  to  be  transmitted ;  and  it 
can  be  absolutely  depended  upon,  when  once  adjusted,  to  continue 
working  uniformly  with  the  same  amount  of  hold. 

An  important  practical  advantage  found  to  result  from  the 
working  of  this  clip  drum  is  that  the  rope  is  subjected  to  a 
continual  pressure  upon  its  sides  whilst  passing  round  the  driving 
drum,  thus  avoiding  aU  tendency  to  the  rope  being  flattened  by  the 
pull,  as  in  an  ordinary  round-bottomed  groove  where  the  pressure 
of  the  rope  is  upon  the  bottom  of  the   groove  only.     Also  the 
groove  in  the  clips  being  so  curved  aja  to  fit  the  rope  closely  round 
a  considerable  portion  of  its  circumference,  the  pressure  preserves 
the  form  of  the  rope  and  serves  to  consolidate  it,  by  continually 
closing  down  all  protruding  wires  and  preventing  the  deterioration 
of  the  rope  by  such  parts  being  caught  in  passing  the  subsequent 
guide  pulleys.      In  the  working  of  this  apparatus  it  will  be  seen 
from  Fig.  3  that  one  half  of  the  total  length  of  rope  is  never  in 
contact  with  the  driving  drum,  the  other  half  alone  being  passed 
round  it  backwards  and  forwards  successively  ;  and  in  many  cases 
the  actual  result  has  been  that  the  portion  of  the  rope  which  passes 
round  the  drum  and  has  all  the  work  to  do  of  transmitting  the 
hauling  power  has  lasted  longer  than  the  other  portion  which  has 
no  such  work  to  do  but  is  simply  exposed  to  the  bend  round  the 
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pollej  of  the  moveable  anchor  on  the  opposite  headland,  the  friction 
from  the  guide  pnlleys  being  exactly  the  same  in  both  cases. 
Another  important  advantage  is  that  no  tension  is  reqnired  upon 
the  rope  leaving  tbe  dnun  ;  all  that  is  requisite  is  that  the  rope 
be  taken  away  and  not  allovred  to  kink. 

It  may  be  remarked  here  that  these  advantages  of  the  clip 
drmn  render  it  specially  adapted  for  nse  in  other  positions  where 
a  rope  is  the  medium  of  conveying  power ;  and  the  saving  that  it 
has  effected  in  tiie  wear  and  tear  of  the  rope  employed  in 
enltiyation  has  been  fnlly  corroborated  by  the  result  obtained  in  its 
use  for  other  purposes.  It  is  believed  that  the  action  of  the  clip 
drum  is  mechanically  correct,  and  that  it  will  be  found  highly 
advantageous  for  general  application  in  transmitting  power  by 
means  of  ropes. 

IL — The  second   point  of  difficulty  for  consideration  is   the 

oontinnally  varying  positions  of  the  machinery  upon  the  ground, 

rendered  necessary  as  the  work  proceeds ;    in  consequence  of  which 

it  is  necessary  for  some  means  to  be  provided  whereby  the  ropes 

will  admit  of  the  two  extreme  points  being  moved  nearer  together 

or  farther  apart  as  tbe  varying  boundary  of  the  fields  may  require. 

With  a  pair  of  winding  drums  this  is  easily  effected  by  not  allowing 

the  on  winding  drum  to  begin  giving  off  rope  until  the  rope  becomes 

tight  in  each  case.     For  this  purpose  a  heavy  break  has  to  be 

applied  to  the  paying-out  drum  to  save  the  rope  &om  trailing  on 

the  gronnd ;   for  if  the  rope  is  not  kept  from  touching^  the  ground 

a  BenooB  loss  of  power  is  the  result,  as  the  difference  in  draught 

wquired  to  pull  a  rope  lying  on  the  ground  and  one  properly 

carried  is  as  much  as  ten  to  one.     Hence  it  becomes  a  very 

izuportant  point  that  the  rope  should  be  efficiently  carried  off  the 

groimd,  and  this  is  a   matter   to  which   the   writer  has   given 

confflderable  attention. 

Figs.  25  and  26,  Plate  10,  show  the  construction  of  the 
Compenaating  Break  that  is  employed  when  a  pair  of  winding 
drams  are  used,  so  as  to  compensate  for  changes  in  the  length  of 
wpe  that  is  required  as  the  work  proceeds.     The  winding  drum  A 
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is  driven  by  the  pinion  B,  which  is  coupled  to  the  driving  shaft  C  bv 
the  clutch  D ;  but  the  driving  shaft  is  geared  to  the  paying-out 
drum  E  by  means  of  the  second  shaft  F  having  corresponding 
pinions  at  each  end,  so  as  to  allow  the  two  drums  to  run  in  opposite 
directions.  The  two  pinion  shafts  0  and  F  are  however  made  to 
revolve  at  slightly  different  speeds,  by  the  two  outside  pinions  G 
and  H  that  gear  together  being  of  different  size,  the  pinion  H  being 
l-9th  smaller  than  the  other ;  and  consequently  the  paying-out 
drum  E  is  compelled  to  revolve  l-9th  slower  than  the  winding 
drum  A.  This  causes  the  slack  in  the  rope  to  be  all  taken  up  by  a 
few  revolutions  of  the  drums ;  and  further  strain  on  the  rope  is 
prevented  by  the  pinion  G  being  connected  to  its  shaft  by  a  friction 
break  I,  so  that  it  is  allowed  to  slip  on  the  shaft.  The  rope  is  thus 
kept  constantly  stretched  tight  by  the  friction  of  the  break  L 

When  the  endless  rope  and  clip  drum  are  employed  for  working 
the  implement,  instead  of  two  winding  drums,  a  very  ingenious  and 
efficient  plan  has  now  been  adopted,  whereby  the  rope  is  kept  tight 
without  any  loss  of  power ;  the  slack  of  the  rope  is  taken  up  or 
more  rope  is  given  off  as  the  field  may  require,  and  the  implement 
cannot  be  started  until  the  rope  is  tight.  This  is  effected  by  means 
of  what  is  termed  the  Slack  Gear,  which  is  shown  in  Figs.  2 7. to  30, 
Plate  11.  It  consists  of  two  small  barrels  A  and  B  mounted  on  the 
plough,  and  connected  by  gearing  with  a  relative  speed  of  five  to 
one,  so  that  the  pulling  rope  C  in  drawing  off  1  foot  length  of  rope 
from  the  barrel  A  winds  up  6  feet  of  the  slack  rope  D  on  the  other 
barrel  B,  until  all  the  sla<3k  is  taken  up.  The  implement  then  starts 
at  once  when  the  rope  becomes  tight,  and  on  its  arrival  at  the  other 
end  of  the  field  the  act  of  the  man  taking  his  seat  at  the  other  end 
of  the  implement  reverses  the  action  of  the  barrels,  so  that  what  was 
the  slack-rope  barrel  B  becomes  the  pulling  one  and  vice  versa.  The 
driving  of  the  barrels  A  and  B  is  effected  by  a  pitch  chain  E,  which 
passes  over  a  wheel  F  of  large  diameter  on  the  pulling  barrel  A  and 
over  another  G  of  one  fifth  the  diameter  on  the  slack  barrel  B  ;  a 
second  chain  H  being  placed  on  the  opposite  side  of  the  barrels, 
working  over  a  pair  of  wheels  of  corresponding  sizes  to  the  former 
but  reversed  in  their  relative  positions.     The  self-acting  levers  and 
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clutches  I  and  J  are  botli  kept  in  gear  by  springs,  bnt  are  tlirown 
OQt  of  gear  alternately  by  the  act  of  the  man  taking  his  seat  npon 
the  seat  K,  Figs.  27  and  28,  first  at  one  end  and  then  at  the 
opposite  end  of  the  plongh,  and  by  that  means  pnlling  the  rod 
L  or  M.  The  same  action  is  thns  -obtained  in  whichever  direction 
the  implement  is  travelling,  one  of  the  chains  E  or  H  with  its  pair 
of  driving  wheels  being  always  in  gear  with  the  rope  barrels, 
whilst  the  other  is  ont  of  gear. 

The  effect  of  this  slack  gear  is  to  maintain  nnder  all  circnmstances 

a  ratio  of  five  to  one  between  the  tension  of  the  pnlling  rope  and 

that  of  the  slack  rope ;  and  consequently  whenever  the  working 

distance  between  the  engine  and  the  moveable  anchor  is  diminished 

by  the  field  narrowing,  whereby  the  tension  on  the  slack  rope  is 

diminished,  this  is  simnltaneonsly  compensated  for  by  the  pnlling 

barrel  A  cansing  the  slack  barrel  B  to  wind  up  the  slack  rope  until 

its  tension  is  brought  up  to  the  fixed  ratio  of  l-5th  of  that  of  the 

pulling  rope.     In  the  opposite  case,  when  the  tension  of  the  slack 

rope  is  increased  above  that  ratio,  owing  to  the  working  distance 

being  increased  by  the  field  widening,  the  slack  barrel  B  unwinds 

until  the  proportion  is  restored  ;  and  as  the  pulling  barrel  A  winds 

up  at  the  same  time  at  l-5th  the  rate  of  the  slack  barrel  unwinding, 

the  implement  is  propelled  forwards  to  that  extent  in  excess  of  the 

direct  pull  of  the  engine  upon  it.     The  object  is  thus  attained  of 

keeping  the  rope  constantly  tight,  so  as  to  carry  it  clear  of  the 

ground,  however  great  or  sudden  may  be  the  variations  in  its 

working  length  caused  by  the  irregularities  in  the  outhne  of  the 

field;  and  this  is  effected   entirely  by  self-acting  means  without 

wiy  attention  being  required  on  the  part  of  the  man  and  without 

•nj  loss  of  power.      An  advantage  arising  from  the  use  of  the 

■Jack  gear  is  the  elasticity  thereby  afforded  to  the  rope,  should  the 

pi'ogress  of  the  implement  be  obstructed  by  its  coming  in  contact 

'^th  stones  or  roots  in  the   ground ;   in  this   case  the  rope  not 

being  absolutely  tight  has  a  margin  for  taking  up  further  slack, 

w-hich  acts  as  a  spring,  easing  the  strain  caused  by  stopping  the 

implement  suddenly. 
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III. — The  third  difficulty  to  be  considered  is  that  of  getting 
heavy  engines  of  sufficient  strength  moved  about  over  the  groTiiid 
where  no  roads  exist. 

This  has  been  a  serious  drawback  to  the  introduction  of  steam 
cultivation,  and  one  which  has  led  to  more  breakage  of  tackle  and 
machinery  than  all  the  action  of  the  machinery  in  performing^  its 
work  of  cultivation.    Two  causes  have  contributed  to  this  result : 
namely,  a  mistaken  idea  at  first  prevailing  that  lightness  was  an 
essential  point,  which  led  to  paring  down  the  metal  in  all  parts  of 
the  machinery ;  instead  of  making  the  machinery  so  strong  tliat  it 
could  not  be  broken  by  the  full  steam  power,  and  then  increasing  the 
width  of  the  carrying  wheels  to  such  an  extent  as  to  ensure  carrying 
the  engine  over  the  wettest  fields.     The  other  mistake  was  that  the 
speed  of  working  on  the  road  wheel  was  not  reduced  sufficiently, 
so  as  to  allow   the   engine  sufficient  leverage  to  get  out  of  any 
difficulty  that  it  might  happen  to  get  into ;   and  the  want   of 
judgment  on  the  part  of  the  men  using  these  machines  often  led  to 
their  being  put  in  places  of  quite  unnecessary  difficulty. 

The  first  of  these  mistakes  has  now  been  met  by  making  the 
machinery  so  strong  that  the  steam  when  fuU  on  is  the  weakest 
part  of  the  whole  machine.  This  has  naturally  led  to  great  weight ; 
but  that  is  no  real  obstacle,  provided  the  carrying  power  of  the 
wheels  is  increased  in  proportion  to  the  increase  of  the  weight  to 
be  carried.  In  &ict  the  weight  is  an  advantage  in  steadiness  for 
working,  so  long  as  the  machine  can  be  kept  &om  sinking  too  much 
into  the  ground.  Carrying  wheels  are  now  being  made  for  special 
circumstances  as  much  as  30  inches  wide  on  the  rim,  as  shown  in 
Fig.  31,  Plate  12,  where  the  dotted  lines  A  A  show  the  portion  that 
is  added  to  the  ordinary  20  inch  wheels  B  B  ;  and  these  wheels 
have  been  proved  to  carry  a  12  ton  engine  over  any  land  in  a  fit 
state  of  cultivation.  The  wheels  are  driven  each  separately  by 
means  of  a  friction  clip  C,  which  prevents  any  risk  of  breakage 
from  excessive  strain  of  driving,  the  shaft  D  being  driven  by  the 
pinion  and  spur  wheel  E. 

The  next  point  was  to  reduce  the  speed  on  the  driving  wheel 
so  as  to  g^ve  the  engine  sufficient  leverage  to  get   out   of  any 
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difficalty;  and  for  this  purpose  two  different  driving  speeds  are 

proTided,  one  giving  2^  miles  per  hour  and  the  other  only  1  nule 

per  hour  for  travelling,  when  the  engine  is  working  at  its  fall  speed 

of  140  revolutions  per    minute.       In   order  to   ohtain   sufficient 

adhesion  under  specially  difficult  circumstances  for  the  exertion  of 

the  fall  tractive  power  of  the  engine,  the  additional  provision  has 

been  made  of  temporarily  fixing  transverse  T  irons  by  means  of  bolts 

upon  the  rims  of  the  wheels,  as  shown  in  Figs.  31  and  82,  Plate  12. 

With  regard  to  the  men,  time  and  experience  combined  with  the 

extra  work  caused  to  them  by  getting  into  difficulties  are  the  means 

of  gradually  reducing  the  difficulty  arising  from,  want  of  judgment 

on  their  part. 

Another  plan  for  meeting  the  difficulty  of  getting  such  heavy 

machines  moved  about  has  been  adopted  with  the  most  satisfactory 

resolts.    This  consists  in  combining  the  power  of  two  small-sized 

engines,  as  shown  in  Fig.  4,  Plate  4,  the  second  engine  being 

worked  in  place  of  the  moveable  anchor  in  the  previous  plan  of 

working  shown  in  Fig.  3.      Each  engine  is  provided  with  a  clip 

dram,  which  is  essential  to  carrying  out  this  system  of  cultivation ; 

and  the  rope  is  worked  as  an  endless  rope  between  the  two  engines 

by  having  both  its  ends  attached  to  the  cultivating  implement.     As 

the  power  of  both  engines  is  appHed  at  the  same  time  to  the  rope 

in  each  direction,  the  heaviest  class  of  operations  can  be  performed 

by  them ;  and  the  loss  of  power  in  working  the  rope  is  very  much 

lessened  by  the  fact  that  both  lines  of  rope  are  always  in  effective 

tension,  and  are  thereby  well  carried  with  half  the  number  of  rope 

porters.    Another  advantage  derived  from  the  adoption  of  this  plan 

is  that  the  engines  are  better  adapted  for  the  other  work  of  the 

^^um,  as  the  farmer  has  then  two  engines  of  7  or  8  horse  power 

instead  of  one  engine  of  10  or  14  horse  power;  and  by  having 

two  of  them  a  regular  system  of  cartage  on  the  farm  can  be 

curied  on,   the    engines    being    specially  arranged  for    traction 

Purposes. 

IV. — The  fourth  difficulty  to  be  surmounted  was  the  production 
of  a  rope  of  sufficient  strength  and  hardness,    combined    with 
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elavsticity,  to  stand  the  required  work ;  and  this  was  a  very  serious 
point,  as  the  inability  to  accomplish  it  nearly  upset  at  one  time  the 
profitable  employment  of  steam  cultivation. 

The  first  rope  used  was  made  of  iron  wire ;  but  it  wbs  worn 
out  so  quickly,  not  doing  so  much  as  200  acres,  that  it  soon  li>ecame 
evident  such  material  would  not  stand  the  strain  and  friction 
attending  the  work ;  whilst  by  increasing  the  strength  of  the  rope 
its  weight  was  so  much  increased  as  to  consume  nearly  the  whole 
engine  power  in  overcoming  its  friction.  These  difficulties  became 
so  serious  that  great  exertions  were  made  to  get  a  rope  of  steel 
sufficiently  hard  to  stand  the  wear  of  trailing  on  the  ground 
and  also  the  fraction  caused  by  coming  in  contact  with  the  numerous 
pulleys  of  the  machinery  then  employed;  and  in  1857  two  steel 
ropes  were  apphed  which  answered  the  purpose  admirably,  and 
performed  with  the  then  imperfect  machinery  upwards  of  three 
times  the  amount  of  work  that  was  done  by  the  first  iron  rope.  From 
this  point  it  was  established  undoubtedly  that  all  risk  of  the 
difficulty  with  the  rope  causing  a  check  to  the  application  of  steam 
to  cultivation  was  now  safely  overcome,  the  introduction  of  the  steel 
rope  having  effectually  accomplished  the  object  in  view.  The 
machinery  for  working  the  rope  however  required  great  improvement 
and  alteration,  before  getting  to  the  point  of  thorough  efficiency 
with  a  minimum  of  wear :  the  chief  objects  in  these  improvements 
being  to  have  as  few  bends  as  possible,  and  those  bends  over  large 
pulleys.  A  great  saving  in  the  wear  of  rope  has  also  been  effected 
by  the  improved  means  of  keeping  the  rope  tight,  preventing  it  from 
dragging  upon  the  ground.  From  time  to  time,  as  the  various 
improvements  in  the  machinery  have  been  effected,  the  increased 
quantity  of  work  done  by  the  rope  before  being  worn  out  has  been 
very  marked ;  so  that  the  cultivation  of  from  2000  to  4000  acres 
can  now  be  accomplished  with  one  steel  rope,  the  amount  varying 
with  the  nature  of  the  soil  and  the  width  of  the  implement 
used. 

Although  much  of  this  increase  of  duty  depends  upon  the 
construction  of  the  machinery,  still  a  great  part  of  the  success  is  to 
be  attributed  to  the  superior  manufacture  of  the  steel  wire.    At 
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fiist  the  steel  ropes,  althoiigli  much  superior  to  those  of  iron  wire, 
were  yery  irregular  in  their  quality  and  durability,  often  varying  as 
mQcli  as  one  half  in  these  respects ;  and  up  to  the  present  day  steel 
ropes  made  of  the  comnion  quahties  of  steel  wire  vary  in  their  quality 
to  the  same  extent.  After  a  series  of  careful  experiments  combined 
with  accurate  testing,  a  quality  of  wire  has  now  been  produced  for 
the  purpose,  which  can  be  obtained  of  complete  uniformity  in  tensile 
strength,  and  possessing  a  high  degree  of  hardness,  combined  with 
the  requisite  flexibility  and  toughness  for  working.  To  this  great 
advance  in  the  manufacture  of  steel  wire  rope  is  to  be  attributed  in 
a  great  measure  the  present  success  of  steam  cultivation.  The 
tensile  strength  of  this  wire  has  been  increased  from  1500  lbs.  to  in 
some  cases  2400  lbs.  for  No.  14  wire  gauge.  Steel  wire  of  the 
common  sort  has  indeed  been  made  to  attain  nearly  the  same  tensile 
strength,  but  this  is  always  accompanied  by  the  defect  of  brittleness, 
which  is  a  fatal  defect  in  the  working  of  a  wire  rope.  If  the 
quality  of  steel  rope  should  continue  to  improve  at  the  same  rate  as 
during  the  last  three  years,  the  cost  of  wire  rope  will  be  reduced  to 
an  nnimportant  item  per  acre. 

At  the  commencement  of  steam  cultivation  the  iron  wire  rope 
ran  a  mileage  of  not  over  750  miles  before  being  worn  out,  costing 
1*-  7d.  per  mile  of  running.  The  first  steel  rope  ran  1800  miles, 
costing  li.  per  mile  ;  and  the  present  steel  ropes  are  running  on  an 
ayerage  9000  miles,  costing  only  about  2  Jd.  per  mile,  running  with  a 
tension  npon  them  of  about  25  cwts.,  and  this  notwithstanding  that 
the  price  of  rope  has  been  increased  fipom  £60  to  £84  for  the  ordinary 
^gth  of  rope  of  800  yards.  The  steel  rope  at  present  used  in  steam 
^tivation  is  ll-16ths  inch  diameter,  and  weighs  about  2  lbs.  per 
yard,  making  a  total  of  about  14  cwts.  for  the  length  of  800  yards. 

^* — The  fifth  class  of  difficulties  are  those  arising  from  variations 
in  the  state  of  the  soil  caused  by  the  effects  of  the  weather. 

These  difficulties  have  been  principally  felt  in  wet  weather,  in 
moving  the  engine,  and  also  from  the  stickiness  of  some  land  when 
^  a  half  wet  state,  which  is  too  often  the  condition  of  the  land 
whilst  bemg  cultivated.     In  such  cases  all  the  tackle  would  become 
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literally  covered  with  clay,  and  the  power  required  to  move  the  rope 
and  the  machine  would  be  very  great.  This  difficulty  should  not 
indeed  exist,  as  no  land  ought  to  be  touched  when  in  such  a  state ; 
but  clay  land  has  hitherto  very  often  been  worked  when  wet,  from 
want  of  sufficient  force  to  get  all  the' work  done  before  the  wet  sets 
in,  and  also  from  the  inabihty  of  horses  to  perform  the  work  while  the 
land  is  in  a  dry  state.  As  an  illustration  may  be  taken  a  clay  land 
field  ploughed  by  horses  while  very  wet,  after  which  if  the  next 
year  be  diy  it  will  he  literally  impossible  to  work  the  same 
ground  with  horses  until  some  rain  comes  to  soften  it,  as  the  horses* 
shoulders  and  the  implement  would  not  be  able  to  stand  such 
jarring  work. 

With  steam  power  however  there  is  no  difficulty  in  working  the 
land  in  the  driest  condition,  which  is  the  proper  time  for  such  work ; 
and  if  this  is  strictly  attended  to,  it  will  never  get  into  an  extremely 
hard  state.  Supposing  the  clay  land  is  ploughed  wet  by  steam 
power,  more  power  will  be  expended  in  pxdling  the  dirty  rope  and 
the  sinking  plough  than  even  if  the  land  be  so  dry  that  the  soil 
breaks  up  into  large  pieces  of  as  much  as  1  cwt.  each,  though  the 
latter  could  not  be  the  case  but  for  the  wet-kneading  that  the  land 
received  before  by  being  ploughed  wet  by  horses.  If  the  former 
were  only  to  keep  his  machine  off  the  land  in  wet  weather,  and  work 
it  night  and  day  in  dry  weather,  he  would  see  the  great  advantage 
that  would  accrue  from  working  at  the  proper  time.  In  fo,ct  the 
principle  of  the  old  maxim,  "make  hay  while  the  sun  shines,'' 
applies  to  cultivation  of  the  land  as  well  as  to  hay. 

Another  system  of  steam  cultivation  has  been  adopted  to  meet 
special  circumstances,  by  the  use  of  two  large  engines,  each  of 
which  is  supplied  with  a  winding  drum,  instead  of  the  cHp  drum 
and  endless  rope  employed  with  the  light  engines  in  the  plan  last 
described  and  shown  in  Fig.  4,  Plate  4.  The  two  large  engines  are 
placed  at  opposite  ends  of  the  field,  the  same  as  in  Fig.  4,  but  tbey 
act  alternately  instead  of  in  combination,  one  pulling  the  plough  in 
one  direction  while  the  other  moves  forward  into  position  for  the 
return  bout,  and  vice  versd. 
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In  order  to  make  the  rope  coil  in  a  regnlar  manner  upon  the 
winding  dmms  of  the  engines,  an  arrangement  of  self-acting  Coiling 
Gear  is  employed,  which  is  shown  in  Figs.  33  and  34,  Plate  13.  It 
consists  of  a  pair  of  gnide  rollers  AA,  between  which  the  rope 
passes  when  coiling  on  or  off  the  large  winding  drum  B.  These 
gnide  rollers  are  carried  at  the  end  of  an  arm  C,  which  is  centred  at 
the  other  end  upon  a  bracket  D  carried  loosely  upon  the  centre 
eprndle  E  round  which  the  drum  revolves.  The  arm  C  has  a  stud 
fixed  in  it  at  F,  working  in  a  spiral  groove  G-  formed  on  the  lower  part 
of  the  spur  wheel  H,  which  also  turns  loosely  round  the  centre 
spindle  £.  A  second  spur  wheel  I  is  carried  close  above  the 
wheel  H,  and  is  fixed  upon  the  upper  end  of  a  cylindrical  casing 
carried  np  from  the  bracket  D  and  passing  through  the  wheel  H.  A 
pinion  J  carried  by  a  stud  fixed  in  the  winding  drum  B  gears  into 
both  the  wheels  H  and  T,  but  the  upper  wheel  I  has  one  tooth  more 
than  the  lower  one  H ;  and  consequently  in  each  revolution  of  the 
winding  drum  the  pinion  J  being  also  carried  round  with  the  drum 
caoses  the  lower  wheel  H  to  be  advanced  one  tooth,  the  upper 
wheel  I  being  held  stationary  by  the  arm  0,  which  is  held  at  the 
o&ter  end  by  the  tight  stretched  rope  passing  through  the  guide 
roDers  A.  The  spiral  groove  Gr  is  thus  gradually  turned  round,  and 
acting  npon  the  stud  F  in  the  arm  C  causes  this  arm  with  its  guide 
rollers  A  to  be  gradually  raised  and  lowered,  thereby  guiding  the 
rope  fitnn  top  to  bottom  of  the  drum  in  regular  coils  whilst  it  is 
being  wound  on  or  off  the  drum. 

The  purpose  for  which  this  system  of  working  with  two  large 
^''gines  was  arranged  was  for  traveUing  about  and  doing  work  by 
bire,6oas  to  meet  the  requirements  of  those  who  have  not  sufficient 
'^  or  capital  to  purchase  machinery  for  their  own  use.  The  plan 
bas  the  advantage  of  requiring  no  fixing,  and  the  machines  are 
>^7  to  start  work  the  moment  they  get  into  the  field ;  and  as 
(^Q  as  the  implement  stops,  the  ropes  are  in  their  places  and  the 
"^•chines  ready  for  removal.  As  fields  of  all  shapes  are  met  with, 
It  is  of  importance  that  the  machines  should  be  of  such  a  character 
that  no  loss  of  time  should  be  occasioned  by  the  management  of  the 
wjpe.    8o  fiu*  as  the  working  of  these  machines  goes,  it  is  entirely 
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satis&ctory,  but  the  first  drawback  to  the  adoption  of  this  plan  is 
the  price.  Secondly  there  is  the  difficulty  of  taking  two  large 
engines  about;  and  from  the  fact  that  a  heavy  break  has  to  be 
put  on  the  paying-out  drum  in  order  to  keep  the  rope  tight, 
considerable  power  is  lost.  But  still  the  time  saved  in  doing  small 
irregular  fields  more  than  counterbalances  those  disadvantages. 


The  traction  part  of  the  machinery  having  now  been  considered, 
the  most  mechanical  means  of  performing  steam  cultivation  has  to 
be  referred  to. 

The  implements  hitherto  used  for  steam  cultivation  have  been 
something  similar  to  those  employed  with  horse  power;  bat 
recently  a  system  has  been  arranged  for  throwing  up  the  land  in 
the  roughest  possible  way,  and  leaving  it  in  such  a  state  as  to 
expose  the  largest  amount  of  surface  to  be  acted  on  by  the  air, 
which  is  the  only  truly  practical  way  of  dealing  with  heavy  land. 
The  development  of  different  classes  of  implements  will  always  be 
going  on,  to  meet  different  varieties  of  land  and  the  various 
operations  which  will  ultimately  be  required.  It  is  proposed  here 
only  to  refer  to  the  best  principle  of  loosening  the  land  for  the 
purposes  of  cultivation,  looking  at  the  question  entirely  firom  a 
mechanical  point  of  view. 

Cultivation  by  rotary  implements  has  been  much  advocated,  and 
may  appear  at  the  first  glance  the  right  means  of  applying  steam 
power :  but  when  the  nature  of  the  substance  to  be  dealt  with  is 
considered,  this  plan  is  mechanically  wrong  in  the  way  of  operating 
on  the  soil,  from  the  fact  that  rotary  implements  must  necessarily 
strike  on  the  top  of  the  hard  land,  thus  absorbing  a  quantity  of 
power  in  entering  the  hard  substance.  As  an  illustration  of  this, 
reference  may  be  made  to  the  method  adopted  in  breaking  up  a 
macadamised  road:  the  pick  is  used  so  as  to  lever  the  material 
upwards,  and  by  entering  it  underneath  the  hard  substance  the 
latter  is  easily  broken  up.  A  rotary  digger  must  however  be  used 
in  the  contrary  way,  or  else  it  will  be  acting  against  the  onward 
motion  of  the  machine,  thereby  increasing  the  power  required  for 
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traction.  The  difficnltiea  that  interfere  with  getting  such  a  machine 
OTer  the  snr&ce  of  the  land  have  also  to  be  considered,  and  the 
damage  done  to  the  land  by  the  transit  of  such  a  heavy  machine 
over  the  soil  to  be  cultivated ;  and  these  objections,  with  the  serious 
error  in  the  mode  of  applying  the  power,  must  prevent  such  a 
system  firom  proving  practically  successful. 

The  cultivation  of  the  land  consists  merely  in  loosening  a  certain 

quantity  of  soO,  and  what  has  to  be  considered  is  how  to  loosen  the 

greatest  quantity  with  the  smallest  amount  of  power.     In  all  the 

experiments  tried  by  the  writer  it  has  been  found  that  this  is  never 

80  economically  done  as  by  wedging  the  soil  off  to  a  loose  side,  and 

entering  the  wedge  underneath,  where  the  soil  is  softer.     Much 

objection  has  been  raised  to  the  old  mode  of  working  with  the  plough ; 

bat  in  the  writer's  opinion  it  is  not  the  implement  that  is  at  fault  in 

that  case,  but  the  power  that  is  defective ;   and  by  the  aid  of  steam 

that  implement  can  now  be  driven  at  such  a  pace  as  to  throw  the 

land  sideways  in  a  manner  quite  equal  to  the  effect  of  any  digging 

hj  band.     The  writer  does  not  advocate  any  particular  shape  of 

mouldboards  or  tynes,  nor  the  formation  of  a  '^  furrow  slice ''  as  it 

is  termed;  all  that  is  wished  to  be  accomplished  is  to  pitch  the 

earth  sideways,  as  in  digging,  and  the  shape  of  the  tool  must  be 

such  as  to  effect  this  in  the  best  way.     The  great  point  requiring 

attention  is  that  the  tools  should  be  so  arranged  that  each  follows 

its  neighbour,  taking  its  own  cut  and  wedging  off  the  soil  to  a  loose 

dde.    If  this  is  done,  the  speed  of  2^  miles  per  hour  at  which  the 

implement  is  driven  will  throw  the  loosened  material  at  least  2  feet 

dear  from  its  previous  position,  and  by  the  rapid  motion  it  will 

be  left  in  the  state  most  desirable  to  the  farmer  and  in  the  best 

possible  condition  to  receive  the  action  of  the  atmosphere,  and  this 

will  be  effected  with  the  least  amount  of  power.     Few  implements 

embody  this  principle  ;    but  without  it  there  is  a  great  loss   of 

power,  which  is  accounted  for  by  the  fiw^  that  a  tyne  or  cutter  in 

losing  its  way  through  the  solid  ground  always  takes  twice  the 

power  to  draw  it  that  would  be  required  if  it .  were  taking  its  cut 

close  to  where  another  cut  had  been  taken  before.     This  is  a  point 

of  great  importance  and   should   never  be  lost  sight  of  in  the 
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constraction  of  implements  for  heavy  ve^ork.  In  the  implements 
for  light  operations  it  is  bj  no  means  so  necessary;  but  still 
the  principle  holds  good  to  a  certain  extent  and  should  be  attended 
to  as  far  as  practicable. 

In  order  that  steam  cultivation  may  be  brought  to  the  greatest 
perfection,  it  is  of  the  utmost  importance  that  the  use  of  horses  in 
cultivation  should  be  altogether  abandoned.  For  this  purpose  a 
number  of  implements  are  required,  adapted  to  get  over  a  large 
breadth  of  land  in  a  day,  so  as  to  do  the  very  Hght  operations  of 
the  farm  and  exclude  horses  entirely  from  such  work,  as  their  use 
inevitably  increases  the  expense  of  after  operations,  besides  being 
detrimental  to  the  land.  If  the  horses  on  a  farm  are  done  away 
with  altogether  or  as  far  as  practicable,  the  cartage  becomes  the 
next  question  to  be  dealt  with ;  and  before  steam  cultivation  takes 
its  proper  place,  the  heavy  part  of  the  cartage  must  be  done  by  the 
ploughing  engines.  Considering  however  that  to  be  good  ploughmg 
engines  they  must  be  good  traction  engines,  there  is  nothing  to 
stand  in  the  way  of  cartage  by  steam  power  but  the  want  of  good 
roads  about  the  farm,  which  are  an  essential  point  in  a  highly 
cultivated  farm,  whether  steam  cultivation  be  employed  or  not. 
The  experience  lately  gained  in  the  use  of  the  traction  engine  is 
that  loads  can  be  conveyed  over  moderately  good  roads  at  an 
expense  of  2d,  per  ton  per  mile ;  and  there  is  therefore  no  doubt 
that  the  farm  cartage  can  also  be  done  economically.  This  operation 
will  require  ^ome  time  to  develop  itself,  as  the  vehicles  for  conveying 
the  materials  will  have  to  be  bought  and  proper  roads  made  in 
eveiy  direction  through  the  farm  before  steam  cartage  can  be 
carried  pn  conveniently ;  but  at  present  there  can  be  no  reason  why 
all  com  should  not  be  taken  to  market  and  coals  and  so  forth 
brought  back  by  steam  power.  The  writer  has  no  doubt  that 
before  ten  years'  time  two  thirds  of  the  cartage  of  the  farm  will  be 
generally  done  by  steam,  and  also  that  the  railways  will  be  fed  by 
traction  engines,  and  that  these  will  become  quite  conmion: 
although,  through  mistaken  ideas,  serious  attempts  have  been  made 
to  stop  their  use  on  the  public  roads.  A  10  horse  engine  will 
convey  a  load  of  20  tons  independent  of  itself  over  a  road  with 
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gndienia  not  exceeding  1  in  15 ;  and  the  wear  and  tear  is  very 
sligU  indeed  in  properly  constructed  traction  engines. 

In  order  properly  to  understand  the  advantages  of  steam 
cohiva^n,  it  is  necessary  to  draw  a  contrast  between  steam  power 
ft&d  horse  power  as  applied  to  cultivation. 

In  the  case  of  horses,  the  utmost  available  force  which  can 
possibly  be  brongbt  to  bear  on  an  implement  is  9  cwts.,  and  this  is 
obtained  by  employing  six  horses,  or  two  more  than  can  work 
profitably  together  on  the  land.  The  practical  limit  of  draught  is 
therefore  6  cwts.,  as  horses  cannot  give  off  the  same  amount  of 
draught  in  the  fields  as  on  hard  roads.  Hence  with  a  team  of  four 
horses  giving  off  6  cwts.  total  draught  on  an  implement  which  acts 
on  a  width  of  land  of  from  10  to  12  inches,  the  utmost  total  power 
per  inch  in  width  of  the  soil  acted  upon  wiU  be  only  70  lbs.  At  the 
same  time  the  resistance  will  be  very  much  increased  by  the  pressure 
.  of  the  horses'  feet  in  doing  the  work.  For  if  a  horse  be  taken  when 
the  land  is  in  a  rather  plastic  state,  and  walked  across  the  track  of 
the  steam  plough  and  made  to  travel  to  and  fro  transversely  on  every 
10  inches  width  until  a  breadth  of  6  yards  is  trodden  over,  it  is  then 
found  that,  if  the  steam  cultivator  has  just  sufficient  steam  to  perform 
its  work  properly  before  it  arrives  at  the  ground  so  trodden  down,  it 
will  be  completely  stopped  before  it  gets  through  the  6  yards ;  and 
considering  the  momentum  of  the  flywheel,  this  experiment  shows 
plainly  that  the  power  required  is  something  very  material,  and 
experience  shows  one  third  additional  draught  to  be  required  on  land 
that  has  been  trodden  down  to  the  same  extent  as  in  cultivation  by 
hone  power.  It  is  clear  therefore  that  a  considerable  part  of  the 
€  cwts.  draught  of  the  horses  is  expended  in  undoing  the  compression 
caused  by  their  own  weight;  and  as  the  4  tons  weight  of  the 
hones  themselves  must  be  lifted  up  and  down  all  the  inequalities  of 
the  ground,  there  is  only  a  very  small  portion  of  the  animal  force 
left  to  be  usefully  exerted  upon  the  implement,  and  this  only  at  the 
*km  speed  at  which  the  horses  travel  of  1|  miles  per  hour. 

But  with  steam  the  case  is  very  different :  a  draught  of  35  cwts. 
is  available  upon  the  implement,  giving  the  farmer  the  means  of 
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employing  a  force  of  from  70  to  280  lbs.  per  inch  in  widtli  of  the 
soil  moved.  And  considering  that  only  1 J  tons  load  is  passing  over 
the  land  instead  of  4  tons,  much  less  force  is  employed  to  move  the 
same  measurement  of  soil. 

The  comparison  therefore  stands  thus : — with  horses  there  is  a 
total  force  of  6  cwts.,  with  the  drawback  of  having  to  convey  4  tons 
of  useless  load  over  the  land ;  while  with  steam  power  there  is  a  total 
force  of  35  cwts.  conveying  only  ly  tons  of  useless  load.  The 
result  of  experience  is  the  less  weight  carried  over  the  land  the 
better ;  and  when  the  great  weight  of  horses  compared  with  the 
force  they  exert  is  considered,  and  also  the  number  of  footprints 
lefb  by  them  on  an  acre,  it  cannot  but  excite  surprise  that  such  an 
unmechanical  means  of  cultivation  should  have  existed  so  long. 
The  number  of  footprints  left  by  four  horses  in  ploughing  a  12  inch 
ftirrow  is  above  300,000  per  acre ;  whereas  the  steam  plough,  which 
has  a  width  of  from  3  to  4  feet,  is  carried  on  two  wheels  6  inches  in 
width. 

The  facts  that  have  been  stated  are  surely  a  good  reason  why 
horses  should  be  kept  off  the  ground  altogether.  If  the  necessary 
precautions  in  this  respect  are  but  strictly  followed,  a  complete 
revolution  in  agriculture  will  soon  be  witnessed,  as  no  mechanical 
means  of  pulverising  the  land  will  be  required,  and  less  than  one 
half  the  number  of  operations  at  present  necessary  will  be  found 
amply  sufficient. 

Looking  at  steam  cultivation  from  an  agricultural  point  of  view, 
the  question  naturally  arises  why  such  an  improvement  should  not 
become  general  at  once.  The  advantages  to  the  &rmer  who  has 
met  the  requirements  of  steam  by  appropriate  modifications  in  his 
farm  and  in  his  way  of  dealing  with  the  land  are  very  considerable: 
much  greater  indeed  than  the  most  sanguine  could  have  anticipated. 
These  advantages  however,  from  the  nature  of  the  case,  are  bat 
slowly  seen,  as  rehable  statistics  of  the  actual  results  can  be 
obtained  only  from  a  series  of  years.  This  consideration,  together 
with  the  want  of  capital  so  much  felt  in  agriculture,  and  the  doubts 
as  to  the  efficiency  of  steam  cultivating  machinery  which  the  want 
of  mechanical  knowledge  induces,  leave  little  room  for  wonder  at 
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tlw  Blow  progress  of  its  adoption.     The  ctLLtiyation  of  tlie  soil  is 

not  an  inyestment  tliat  yields  quick  returns ;    and  Trith  the  present 

imperfect  appliances  it  is  also  a  very  uncertain  investment.     Hence 

the  farmer  naturally  pauses  before  he  invests  a  larger  sum  than  he 

hag  been  accustomed  to  do  in  such  permanent  improvements  on  his 

£urm  as  will  enable  him  to  get  the  maximum  amount  of  work  done 

in  the  proper  season  and  at  a  minimum  cost.     Such  Airther  outlay 

OQ  the  &rm  must  indeed  be  considered  the  business  of  the  land 

owners ;  but  although  they  will  eventually  be  the  principal  gainers, 

few  of  them  have  at  present  given  any  assistance  to  the  development 

of  steam  cultivation.     Were  they  to  take  the  matter  up  in  such  a 

way  as  an  engineer  would  do,  who  had  seen  how  he  could  effect  a 

similar  improvement  in  his  mill  or  factory,  the  whole  country  would 

soon  be  seen  covered  vrith  steam  ploughs. 

The  gradual  nature  of  the  development  of  the  machinery  has 
also  stood  in  the  way  of  its  immediate  introduction.  For  as  several 
persons  using  the  first  machine  had  a  great  deal  of  trouble  from 
breakages,  others  were  deterred  from  following  their  example, 
althongh  they  witnessed  and  acknowledged  the  improvements  to 
the  land  and  crops. 

Land,  like  metal  in  a  furnace,  requires  the  greatest  attention  in 

order  to  perform  the  different  operations  at  the  time  when  it  is 

in  the  right  state  for  their  being  effected  thoroughly.     The  present 

system  of  management  is  entirely  inadequate  to  effect  this  object, 

^com.  the  want'  of  sufficient  force  at  a  given  time.     In  some  years 

Vhere  are  barely  two  months  for  all  the  cultivation  of  the  season : 

tiiat  is,  provided  the  greatest  judgment  is  exercised,  and  the  land 

never  touched  except  when  in  the  proper  state  for  the  purpose. 

But  with  such  management  as  is  recommended  above,  the  result 

will  be  always  an  adequate  crop. 


The  advantages  of  steam  cultivation  having  now  been  described, 
and  its  gradual  development  during  the  past  few  years  having  been 
^'•ced  together  with  the  various  systems  employed,  it  is  proposed 
ui  oonclnsion   to    enumerate    what    may    be    considered  as  the 
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principal  points  whicli  are  essential  to  the  prodnction  of  good 
steam  cnltivating  machinery,  so  fiw  as  r^ards  its  mechanical 
arrangements. 

First,  a  sufficiently  powerfal  engine  with  a  wide  bearing  snr&ce, 
and  plenty  of  leverage  to  move  itself  out  of  difficult  situadonsy  and 
of  simple  construction  in  all  its  parts. 

Second,  a  hauling  apparatus  with  a  drum  of  large  diameter,  and 
so  arranged  as  to  bend  the  rope  as  seldom  as  possible,  and  with  the 
drum  placed  horizontally  on  a  vertical  axis  so  as  to  aJlow  the  rope 
to  work  in  any  direction  without  requiring  guide  pulleys. 

Third,  a  direct  pull  upon  the  implement,  with  as  short  a  length 
of  rope  as  possible,  and  that  of  good  quality,  light,  hard,  tough,  and 
flexible. 

Fourth,  an  arrangement  for  keeping  the  rope  tight,  so  as  to 
carry  it  clear  of  the  groxmd  and  avoid  loss  by  Motion. 

Fifth,  an  implement  in  which  the  shares  or  tynes  follow  each 
other  consecutively,  wedging  off  the  soil  to  a  loose  side. 

Lastly,  as  small  an  amount  of  manual  labour  as  practicable. 

A  few  remarks  only  need  be  added  upon  the  ultimate  effect 
which  will  result  from  the  proper  adoption  of  steam  cultivation. 
By  thoroughly  carrying  out  the  system,  definite  calculation  can  be 
made  as  regards  the  cost  of  working  a  farm,  and  better  crops  will 
be  obtained  with  a  greatly  increased  amount  of  certainty.     Time, 
the  great  point  in  all  business,  but  more  especially  in  ag^cnlture, 
will  be  economised ;  and  from  the  increased  force  at  the  farmer's 
disposal  he  will  seldom  get  behindhand  with  his  labour^  an  evil 
which  at  present  often  causes  him  to  lose  a  crop  altogether  in  some 
of  his  fields.     The  drainage  will  be  much  more  efficient,  and 
consequently  the  temperature  of  the  land  will  always  be  kept  at  the 
highest  point :  the  result  will  be  that  the  land  will  always  be  in  a 
growing  state.    Clay  land,  which  is  by  far  the  most  fit  for  crops,  will 
be  brought  to  bear  the  heaviest  crops ;  and  this  quality  of  land, 
which  at  present  pays  very  little  rent,  will  become  the  most  yaluable. 
Farming  will  become  a  business  into  which  a  business  man  may 
enter  with  safety,  and  capital  will  find  in  farming  a  profitable  and 
safe  investment,  so  that  increased  advantages  will  accrue  to  the 
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ooimtiy.  The  inieili^nce  of  the  agricaltaral  labonrer  will  be 
improved,  in  consequence  of  his  having  to  use  his  mind  more 
and  his  bodj  less  ;  and  this  anticipation  has  received  practical 
confinnation  in  not  a  few  cases  already. 


Mr.  Greio  exhibited  a  working  model  of  the  clip  dram,  and  a 
M  size  specimen  of  one  of  the  pairs  of  clips,  together  vnth  a  sample 
of  the  steel  wire  rope  at  present  used  of  11-1 6 ths  inch  diameter. 

He  explained  that  the  difficultj  of  coming  to  a  satisfactory 
oondnsion   regarding    the   relative   value  of  the  work  done  bj 
steam  cidtivation  as  compared  with  horse  cultivation  arose  from 
tlie  different  states   of  the  land  upon  which    the  two  methods 
were  tried,  the    different    operations   to   be   performed,  and  the 
different  situations  in    which  the  steam  cultivators  had   to   be 
placed.    Taking  these  into  consideration,  the  cost  of  steam  culti- 
vation vas  found  to  vary  as  much  as  from  28,  6d.  to  20«.  per 
iM3«;  and  the  expense  of  working  a  14!  horse  engine,  such  as  was 
DOW  ordinarily  employed  for  steam  cultivation,  would  not  come  to 
more  than  £3  per  day,  including  interest  on  the  cost  of  the  tackle 
and  implements,  allowance  for  depreciation,  and  wages ;  while  the 
engine  would  work  regularly  up  to  the  power  of  thirty  ordinary 
hones.    The  cost  on  the  other  hand  of  fanning  with  thirty  horses, 
taking  it  at  the  very  low  estimate  of  only  3*.  per  horse  per  day  and 
!<•  &r  attendance  of  men,  or  4^.  total  for  each  horse,  would  amount 
to  £6  per  day,  showing  a  clear  saving  of  £3  per  day  by  steam 
cultivation,  independent  of  the  superiority  in  the  work  done  by  the 
latter  method.     The  great  difficulty  of  making  any  calculations  as 
to  the  coat  of  farming  arose  from  the  difficulty  of  correctly  charging 
the  different  items  to  the  different  operations.    Farmers  making  the 
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calculation  of  the  charge  of  a  horse  generally  fell  into  the  mistake 
of  reckoning  it  at  only  2s.  6d.  per  day,  forgetting  that  the  horses 
worked  on  an  average  only  150  days  in  the  year  and  were  idle  all 
the  rest  of  the  time ;  and  on  this  account  it  was  frequently  difficult 
to  show  a  farmer  the  advantages  of  steam  cultivation. 

Mr.  J.  Febnie  remarked  that  the  materials  for  the  valuable 
paper  that  had  been  read  had  been  in  preparation  by  the  late 
Mr.  Fowler  several  months  previously,  and  were  left  by  him  at  the 
time  when  by  an  unfortunate  accident  he  was  so  suddenly  cut  off 
from  the  engineering  profession  and  the  great  agricultural  interests 
which  it  was  the  work  of  his  life  to  benefit.  Though  removed  at  the 
early  age  of  thirty-eight,  he  had  already  accomplished  a  vast  amount 
of  work ;  beginning  with  the  draining  plough,  he  had  gradually 
worked  up  the  system  of  drainage  and  cultivation  by  steam  power 
to  the  comparative  perfection  in  which  he  left  it,  having  succeeded 
in  making  it  a  commercial  success.  In  the  earlier  years  Mr.  Fowler 
had  been  under  the  necessity  of  getting  his  various  machines  and 
tackle  manufactured  in  different  parts  of  the  country,  in  order  to 
be  able  to  meet  the  demand  for  them;  but  at  his  death  he  left 
the  present  large  establishment  in  Leeds,  devoted  entirely  to  the 
manufacture  of  steam  cultivating  machinery,  employing  as  many 
as  700  men,  and  turning  out  the  machines  at  the  rate  of  nearly 
one  a  day,  which  were  being  sent  to  all  parts  of  the  world. 

A  very  important  improvement  had  been  effected  by  the 
introduction  of  the  cHp  drum,  both  in  the  appHcation  of  steam 
power  to  cultivation  and  in  other  cases  of  communicating  power 
by  ropes  ;  and  the  action  of  the  clips  and  the  great  amount  of  grip 
which  they  exerted  upon  the  rope  were  clearly  illustrated  in  the 
model  now  exhibited,  having  a  wire  rope  passing  half  round  each  of 
two  pulleys,  one  of  which  was  plain,  while  the  other  was  a  clip 
drum  fitted  with  the  clips  all  round  its  circumference.  On  holding 
the  rope  stationary  by  hand,  the  plain  pulley  was  easily  turned 
round  by  hand,  with  the  rope  slipping  round  it ;  but  when  this  was 
attempted  with  the  clip  drum,  it  was  found  impossible  to  turn  the 
drum,  on  account  of  the  very  tight  grip  with  which  the  cHps  laid 
hold  of  the  rope.   The  clip  drum  was  now  applied  in  other  situatioiiB 
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besides  htLnlmg  agricnltnral  implements,  sncli  as  for  the  winding 
pullejs  at  the  summits  of  underground  inclines  in  collieries,  and 
in  all  cases  he  had  observed  that  the  drum  was  working  horizontally ; 
and  he  enquired  whether  it  was  ever  employed  in  a  vertical  position, 
working  on  a  horizontal  axis,  and  whether  the  clips  were  found  to 
answer  equally  well  in  that  position. 

The  steam  engines  employed  for  working  the  various  implements 

nsed  for  cultivation  and  drainage  had  not  been  referred  to  in  detail 

in  the  paper;  and  one  point  deserving  of  particular  notice  was 

the  general  adoption  of  a  steam  jacket  surrounding  the  cylinder,  in 

consequence  of  which  excellent  indicator  diagrams  were  obtained 

&om  the  engines,  showing  that   there  was   no   condensation  of 

steam  in  the  cylinder.     Before  the  use  of  the  steam  engine  for 

agricultural  purposes  could  become  as  extensive  as   was  to  be 

expected  from  its  important  advantages  over  the  present  sources  of 

power,  it  was  necessary  that  the  restrictions  at  present  imposed 

upon  the  use  of  traction  engines  on  roads  should  be  removed,  and 

that  the  act  of  parliament  at  present  in  force  on  this  subject  should 

he  modified  or  repealed ;  and  he  trusted  all  the  members  of  the 

Institation  would  use  their  best  efforts  to  attain  this  object,  in  the 

interest  both  of  agricultural  progress  and  mechanical  engineering. 

According  to  the  present  act,  traction  engines  were  not  allowed 

to  pass  along  the  common   roads    except   between    ten    o'clock 

at  night  and  six  o'clock  in  the  morning;  but  by  taking  proper 

precautions,  and  having  men  in  front  and  behind,  and  shutting  off 

the  steam  when  a  restive  horse  was  passing,  he  was  certain  that  all 

danger  would  be  done  away  with.     In  reference  to  the  condition 

in  which  the  ground  was  left  after  ploughing  with  the  steam 

plough,  he  enquired  what  was  the  nature  of  the  subsequent  ftirther 

pnlrerising  that  had  been  mentioned  in  the  paper,  and  whether  it 

was  similar  to  the  clod-crushing  and  harrowing  processes  that  were 

required  after  the  ordinary  ploughing  with  horses. 

They  were  greatly  indebted  to  Mr.  Greig  for  the  excellent 
manner  in  which  he  had  completed  the  paper  for  the  present 
meeting;  and  the  mechanical  details  of  the  system  of  steam 
cnltivation  appeared  now  to  have  been  so  &r  perfected  as  to  leave 
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little  fortlier  to  be  desired  in  that  respect.  He  hoped  however  that 
they  wonld  have  the  opportnnity  of  hearing  the  opinions  and  ideas 
of  those  more  immediately  concerned  in  agricultural  operations,  that 
they  might  know  in  what  light  the  system  of  steam  cultivation 
described  in  the  paper  was  regarded  from  a  purely  agricnltoral 
point  of  view. 

Mr.  G-BEio  said  that,  in  reference  to  the  position  of  the  clip 
drums,  there  were  several  of  them  successfully  in  use  working 
vertically  upon  a  horizontal  axis;  and  when  the  clip  drum  was 
used  vertically,  it  vras  best  to  pay  on  the  rope  at  the  bottom, 
because  there  the  jaws  were  sure  to  be  foil  open  from  their  own 
weight  in  addition  to  the  oentrifrigal  force  tending  to  keep  them 
open.  With  regard  to  the  question  of  frirther  pulverising  the 
ground  after  ploughing  vnth  the  steam  plough,  he  had  watched  very 
narrowly  the  working  of  the  steam  ploughs  for  several  years  past  in 
connection  with  some  very  large  farms,  and  was  satisfied  that,  with 
proper  management  and  where  the  steam  plough  was  used  in 
diy  weather,  there  were  no  such  things  as  clods  after  the  ploughing, 
and  no  clod  crushers  would  be  required,  except  in  special  cases  of 
very  light  soil,  where  it  might  be  desired  to  consolidate  the  newly 
ploughed  gpround  by  passing  the  heavy  roller  cfr  clod  crusher  over 
it.  Harrows  might  indeed  be  desirable  after  ploughing  with 
the  steam  plough,  but  only  for  the  purpose  of  levelling  the  surface, 
as  the  earth  did  not  require  any  further  breaking  up  after  the 
ploughing. 

Mr.  T.  B.  Wright  considered  the  paper  that  had  been  read  was 
a  most  interesting  and  valuable  one,  and  he  desired  to  express  on 
behalf  of  the  agricultural  community  in  general  the  great  admiration 
that  was  felt  for  the  indomitable  energy  and  unwesbried  exertions  of 
the  late  Mr.  Fowler  in  bringing  steam  cultivation  into  practical 
operation.  This  was  one  of  the  most  important  movements  that  had 
ever  been  originated  and  carried  out  in  connection  with  agriculture ; 
and  at  first  the  problem  appeared  so  difficult,  that  it  seemed  very 
doubtfril  whether  it  would  ever  be  successfully  solved.  Though  it 
might  still  be  doubted  whether  the  best  plan  of  steam  cultivation 
had  yet  been  hit  upon,  there  could  be  no  question  that  Mr.  Fowler 
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had  aocomplished  wliat  tlie  Bojal  Agrictdtural  Society  offered  their 
prize  for,  hj  aliowiiig  how  it  was  possible  to  plough  by  steam ;  and 
ifae  £500  prize  offered  by  the  Society  for  ploughing  by  steam  was 
aooordinglj  awarded  to  him  at  the  Chester  meeting  in  1858.     The 
particular  implement  indeed  was  of  secondary  importance  compared 
with  the  power  by  which  it  was  worked  ;  and  whether  the  plongh 
wDold  prove  the  most  nsefnl  appliance  for  steam  cnltivation,  or 
whether  some  other  implement  would  ultimately  be  employed  for 
the  purpose,  the  motive  power  was  the  chief  consideration ;  and 
it  was  upon  this  subject  that  the  abilities  of  Mr.  Fowler  and  his 
BQOoesaors  had  been  so  advantageously  exercised.  All  &rmers  would 
now  admit  that  there  could  be  no  worse  system  than  that  of  using 
the  oommon  plough  drawn  at  a  slow  speed  by  several  horses, 
when^  it  was  not  possible  to  obtain  anything  like  a  proper  seed 
bed;  bat  all  the  disadvantages  of  the  old  system  were  escaped 
bj  die  use  of  the  steam  cultivator.     As  to  any  further  tillage  or 
pidverising  of  land  that  had  been  ploughed  by  steam,  he  thought 
that  generally  nothing  was  necessary  but  the  use  of  a  light  harrow, 
aa  in  the  case  of  the  best  hand  ploughing,  for  levelling  the  surface  of 
the  ground  after  the  steam  plough,  in  order  to  leave  a  good  seed  bed. 
With  regard  to  the  wire  ropes  employed  for  drawing  the  cultivating 
implements  by  steam  power,  he  remembered  that  the  principal 
difficidty  which  had  had  to  be  encountered  in  using  the  iron  wire 
ropes  that  were  in  the  first  instance  adopted  arose  from  the  great 
weight  of  the  rope  itself  and  its  rapid  wear;  and  it  might  be 
mentioned  that  the  first  steel  wire  rope  for  the  purpose  had  been 
prodnoed  in  Birmingham  by  the  late  Mr.  Webster,  which  was  so 
nzpeiior  in  strength  and  lightness  to  the  iron  wire  rope  that  when 
Hr.  Fowler  saw  it  he  felt  satisfied  he  had  met  with  that  which 
would  enable  him  sucoessftilly  to  carry  out  his  plans  of  steam 
cultivation. 

The  Chaibman  enquired  what  power  the  engine  was  indicating 
at  the  time  of  taking  the  indicator  diagrams,  and  what  amount  of 
^fsctive  force  that  would  give  upon  the  implement;  and  also 
whether  the  engines  employed  were  single  or  double  cylinder 
engines. 
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Mr.  Greig  replied  that  the  indicated  power  of  the  engine  -was 
about  45  horse  power,  of  which  about  75  per  cent,  would  be  available 
at  the  implement,  giving  a  tractive  force  of  about  30  cwts.  total 
upon  the  implement.  Single  cyHnder  engines  were  now  being  made 
for  agricultural  purposes,  because  they  were  much  more  simple  in 
all  their  parts,  whilst  they  were  capable  of  doing  the  same  work  as 
double  cylinder  engines,  and  were  cheaper  in  first  cost;  and  he 
beUeved  that  before  long  the  double  cyHnders  would  be  altogether 
abandoned  for  agricultural  engines.  With  double  cylinders  there  was 
frequently  a  deficiency  of  steam  in  engines  of  only  12  or  14  horse 
power  nominal,  and  the  friction  of  the  double  quantity  of  mechanism 
was  a  serious  loss  upon  the  power  of  such  small  engines.  The  only 
difficulty  that  arose  with  a  single  cyhnder  engine  was  in  the 
management  of  the  reversing  gear,  and  at  first  there  was  a  serious 
loss  of  time  in  starting,  whenever  the  engine  happened  to  have 
stopped  upon  the  centre.  This  was  now  entirely  got  over  however, 
and  there  was  no  longer  any  trouble  in  that  respect,  the  only  thing 
necessary  being  a  little  judgment  on  the  part  of  the  engine  driver, 
who  set  the  engine  going  with  a  small  quantity  of  steam,  before 
starting  the  implement,  so  that  it  was  just  running  slowly;  and 
then  by  a  simultaneous  movement  of  the  two  handles  the  clntcli 
was  thrown  into  gear  for  starting  the  implement  and  the  full  steam 
admitted  to  the  cylinder  at  the  same  instant,  when  the  crank  was 
about  at  its  position  of  maximum  power.  In  this  way  all  difficulty 
from  the  use  of  a  single  cylinder  was  obviated.  Mention  had  been 
made  of  steel  wire  ropes  as  having  been  made  first  in  Birmingham,  and 
that  was  the  fact,  and  the  first  steel  wire  rope  made  there  had 
proved  a  very  valuable  one  and  continued  still  in  use  at  the  present 
time ;  but  the  best  steel  wire  ropes  were  now  however  obtained 
elsewhere,  and  he  hoped  the  Birmingham  manufacturers  would  take 
the  matter  up  and  recover  their  original  position  as  makers  of  the 
best  steel  wire  ropes. 

Mr.  E.  E.  Hewett  enquired  what  were  found  to  be  the  results  of 
the  system  of  cultivation  described  in  the  paper  as  compared  with 
the  plan  of  direct  traction,  in  which  the  engine  travelled  over  the  land 
and  drew  the  cultivating  implements  after  it.    He  understood  that  at 
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the  comparative  trial  of  tlie  two  methods  at  Chester  in  1858  it  bad 
been  foand  tliat  the  traction  engine  travelling  over  the  gronnd  did 
twice  as  much  work  when  working  np  to  the  same  power  as  the 
stationaiy  engine  pulling  the  implement  by  a  wire  rope  from  the 
headland. 

Mr.  Gbeio  replied   that  several  attempts  had  been  made  to 

perfonn  steam  cultivation  by  means  of  a  travelling  engine  drawing 

the  implement  after  it,  but  they  had  in  all  cases  been  ultimately 

abandoned  as  altogether  impracticable.     The  effect  upon  the  crops 

was  decidedly  injurious,  as  the  wheel  marks  of  the  traction  engine 

were  plainly  visible  throughout  the  field  in  the  following  harvest,  by 

the  crop  not  being  so  good  and  having  a  burnt  appearance  in 

tbe  parts  where  the  wheels  had  passed  and  compressed  the  soil, 

particnkrly  if  the  gronnd  had  been  at  all  wet  at  the  time  of  the 

engine  travelling  over  it.     At  the  same  time  the  consumption  of 

coal  to  do  the  same  work  was  at  least  twice  what  it  would  be  in  a 

stationary  engine  working  by  ropes,  as  the  travelling  engine  had  to 

convey  its  own  weight  over  the  ground  in  addition  to  drawing  the 

implement.    In  the  comparative  trial  at  Chester  he  believed  that, 

though  both  engines  were  nominally  of  the  same  power,  the  traction 

engine  was  working  at  more  than  double  the  power  of  the  stationary 

engine ;  and  although  the  former  was  in  consequence  accomplishing 

apparently  double  the  work,  as  estimated  by  the  number  and  depth 

of  the  farrows,  yet  the  work  was  not  performed  so  efficiently  and 

the  ground  was  not  left  in  such  good  condition  as  with  the  plough 

drawn  by  a  wire  rope  from  the  stationary  engine,  on  the  system 

described  in  the  paper.     He  was  not  prepared  to  maintain  that  the 

hest  method  of  steam  cultivation  had  yet  been  arrived  at,  but  there 

was  no  question  that  it  had  already  been  brought  to  a  condition  of 

practical  efficiency  and  commercial  profit,  so  as  to  be  worth  while  to 

any  figmner  to  take  it  up;  and  no  doubt  there  would  continually 

he  fnrUier  improvements    in    future    years,   particularly  in    the 

implements  used,   which  must    be    considered  to  be  at  present 

altogether  in  their  in&ncy.    The  number  of  different  implements 

made  use  of  was  itself  sufficient  to  suggest  that  there  was  ample 

Twan.  for  improvement ;  and  he  did  not  see  why  the  three  operations 

p 
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of  plongliiiig  Bowing  and  liarrowing  should  not  nltimately  be  carried 
out  at  the  same  time  by  employing  only  a  single  implement  for  the 
purpose.  One  misconception  in  regard  to  steam  cultivation  arose 
from  using  the  same  word  to  describe  the  operation  of  ploughing, 
whether  done  by  horses  or  by  steam  power;  whereas  the  effect 
produced  by  steam  ploughing  was  so  entirely  different  as  to  give  it 
the  character  of  a  distinct  operation.  With  the  horse  plough  the 
soil  was  simply  turned  over  in  a  slice,  leaving  a  distinct  furrow; 
but  with  the  steam  plough  it  was  either  thrown  straight  up  in  the 
air,  or  thrown  sideways  to  a  considerable  distance,  or  broken  and 
turned  up  from  below,  according  to  the  shape  and  arrangement  of 
the  shares  and  mouldboards  and  the  speed  at  which  the  implement 
was  driven,  and  no  furrow  marks  were  visible  after  the  process. 
These  different  varieties  of  the  operation  were  severally  employed 
according  to  the  nature  of  the  land  to  be  cultivated,  nor  did  he 
think  that  any  single  process  would  be  applicable  successfully  to  all 
descriptions  of  land  alike,  but  the  action  of  the  cultivating  implement 
must  be  varied  in  every  case  according  to  the  quality  of  the  land. 

Mr.  John  Smith  remembered  seeing  the  compai^tive  trial  at 
Chester  in  1858  that  had  been  referred  to,  and  he  thought  the 
traction  engine  which  drew  the  implement  after  it  had  not  on  that 
occasion  really  accomplished  so  much  as  an  acre  of  work  during 
the  whole  time  of  the  trial,  and  there  was  a  great  deal  of  trouble 
with  it  in  turning  at  the  ends  of  the  field ;  also  in  that  case  the 
work  done  was  of  inferior  character,  as  the  implement  only  rucked 
up  the  soil,  without  turning  it  over  at  all.  From  the  results 
obtained  in  the  crops  produced  he  was  satisfied  that  the  system 
of  steam  cultivation  described  in  the  paper  had  everything  to 
recommend  it.  A  farmer  whom  he  knew  in  the  neighbourhood  of 
Wolverhampton  had  adopted  a  set  of  Mr.  Fowler's  tackle  and 
implements  several  years  ago,  which  had  proved  completely 
successi^,  notwithstanding  that  it  was  one  of  the  earlier  arrange- 
ments involving  the  trouble  and  inconvenience  of  the  three  drums 
under  the  engine  and  a  number  of  guide  pulleys  for  the  rope  to 
pass  round  in  the  field.  One  of  the  fields  so  ploughed  about  five 
years  ago,  whioh  had  previously  been  very  deficient  in  its  crops, 
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bad  never  fiailed  to  yield  a  good  crop  since,  and  appeared  likely  to 
oontmue  equally  productive  for  years  to  come.  It  was  a  field  that 
thew  up  a  great  deal  of  coltsfoot  and  dock,  and  had  therefore 
been  ploughed  bs  much  as  12  inches  deep,  since  which  there  had 
never  been  any  tronble  at  all  with  those  weeds. 

The  Chairman  enquired  whether  steam  cultivation  was  resorted 
to  in  foreign  countries  for  any  other  purposes  than  those  known  in 
England. 

Mr.  CrBBiQ  replied  that  a  considerable  number  of  the  steam 
ploughs  had  been  sent  out  to  sugar  plantations,  and  most  &>vourable 
accounts  had  been  received  of  their  working.  It  was  found  that  a 
sugar  plantation  of  about  a  hundred  acres  would  pay  for  a  steam 
plough  with  engine  and  tackle  complete  by  the  difference  in  the 
crop  of  sugar  produced  in  a  single  year ;  and  this  was  a  most 
satisiaciorj  and  decisive  result  in  favour  of  the  steam  plough. 
In  Cuba,  owing  to  the  very  dry  season  last  year,  there  had  been 
scarcely  any  sugar  crop  at  all  except  where  the  steam  plough  had 
been  used ;  and  the  explanation  of  the  difference  he  believed  to  be 
thai  by  means  of  steam  power  the  land  was  ploughed  before  the 
diy  weather  set  in,  and  consequently  retained  sufficient  moisture 
during  the  whole  season.  There  were  also  a  considerable  number 
of  the  steam  ploughs  in  Egypt,  some  on  sugar  plantations,  but  the 
greater  part  employed  in  the  cultivation  of  cotton ;  the  great 
stimulus  given  to  the  growth  of  cotton  and  the  dearth  of  animal 
labour  had  necessitated  the  employment  of  steam  power  in  Egypt. 
Steam  ploughing  was  also  being  done  on  the  land  recovered  by  the 
dninage  of  Haarlem  lake ;  and  in  that  case,  owing  to  the  very  sofb 
nature  of  the  soil,  the  wheels  were  made  2  ft.  6  ins.  broad,  in 
the  manner  shown  in  the  drawing,  for  obtaining  sufficient  width 
of  bearing  surface  on  the  ground. 

The  Chairman  enquired  whether  the  steam  draining  plough  was 
■till  in  nae,  as  described  by  Mr.  Fowler  in  his  former  paper  in  1857, 
snd  whether  any  material  alterations  had  been  made  in  the  operation. 
Hr.  Oreiq  replied  that  the  draining  ploughs  had  been  used 
considerably  in  Essex,  and  there  were  at  present  ten  of  them  in 
different  parts  of  that  county,   which  were  constantly  in   use, 
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answering  both  practically  and  commercially,  and  earning  a 
considerable  sum,  as  they  were  let  ont  extensirely  for  hire  to  the 
farmers  in  the  district.  The  nse  of  drain  pipes  was  now  abandoned 
in  clay  land,  as  it  was  fonnd  that  the  simple  hole  bored  by  the 
draining  plough  was  all  that  was  reqxiired  ;  the  only  difficulty  was 
where  the  soil  happened  to  change  in  character  along  the  course  of 
the  drain,  because  in  a  sandy  soil  the  drain  might  drop  in ;  but  in 
clay  land  there  was  no  difficulty  whatever  from  that  cause.  The 
drains  were  bored  at  about  3  feet  depth  and  about  16  feet  apart ; 
the  holes  might  be  bored  any  size,  but  generally  it  was  found  best 
to  make  them  about  4  or  5  inches  diameter.  At  one  time  about 
150  acres  of  land  at  Hainault  had  to  be  drained  with  drains  4  feet 
deep  by  means  of  the  steam  draining  plough;  but  it  was  afterwards 
found  that  that  depth  was  too  great,  as  the  water  could  not 
penetrate  into  the  drains  owing  to  the  great  compression  of  the 
clay  at  such  a  depth.  Down  to  about  3  feet  or  3^  feet  depth 
however  the  drains  were  found  to  answer  very  well  in  the  clay  land. 

Mr.  E.  T.  Bellhousb  enquired,  in  reference  to  the  use  of  a 
single-cylinder  steam  engine  for  ploughing,  whether  such  an  engine 
was  suitable  also  as  a  traction  engine ;  because  he  did  not  think  any 
system  of  steam  cultivation  would  be  complete,  unless  the  engine 
were  capable  of  transporting  itself  from  one  place  to  another 
together  with  the  implements  and  tackle.  An  engine  was  therefore 
required  that  would  both  work  the  plough  and  serve  as  a  traction 
engine ;  and  there  were  so  many  difficulties  in  getting  over  the 
ground  where  the  roads  were  bad  that  nothing  but  an  engine  of  the 
strongest  character  would  be  able  to  do  the  work  it  would  meet 
with. 

Mr.  Gbeig  considered  a  single  cylinder  engine  was  the  best  for  a 
traction  engine,  and  he  had  found  no  difficulty  in  the  working  of 
such  engines.  That  was  evidently  the  opinion  also  of  one  of  the 
principal  makers  of  traction  engines,  who  made  none  but  single 
cylinder  engines  for  the  purpose.  As  to  the  ploughing  engine 
being  used  for  a  traction  engine,  it  had  as  a  ploughing  engine  to 
overcome  difficulties  that  a  traction  engine  seldom  encountered,  and 
therefore  any  engine  that  was  a  good  ploughing  engine  must  be 
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strong  enough  to  be  a  good  traction  engine  also.  Their  present 
practice  in  the  construction  of  the  single  cylinder  engines  was  to 
place  three  quarters  of  the  weight  upon  the  driving  wheels  to  be 
available  for  traction,  leaving  only  one  quarter  on  the  front  wheels 
to  steer  by.  At  first  it  had  been  feared  to  put  the  machines 
to  work  upon  stony  lands,  lest  large  stones  should  damage  the 
implements  and  put  too  great  a  strain  upon  the  engine.  This  fear 
proved  however  to  be  without  foundation,  and  in  one  case  that  he 
bad  witnessed  a  machine  put  to  work  on  very  stony  land  was 
tearing  up  stones  as  large  as  4  feet  long  by  2  feet  wide  and  1  foot 
thick,  and  tearing  np  no  less  than  20  tons  of  stone  per  acre :  the 
machine  did  70  acres  of  that  sort  of  work,  and  came  back  with  only 
two  tynes  bent  in  the  cultivator.  Such  results  &jr  surpassed  all 
preYioas  ezpectationB  as  to  the  capabilities  of  steam  cultivating 
machinery. 

The  Chairman  enquired  whether  both  the  driving  wheels  of  the 
engines  were  driven  by  the  power,  and  how  the  steering  was 
managed  with  the  very  broad  wheels  that  had  been  alluded  to. 

Mr.  Obeio  explained  that  each  driving  wheel  was  driven  by  a 
friction  clutch  keyed  upon  the  driving  axle,  and  the  Motion  clutch 
on  one  side  was  screwed  up  tight,  while  that  on  the  other  sid^  was 
only  half  tight,  so  as  to  allow  of  slipping  in  turning ;  or  in  a  sharp 
torn  one  friction  clutch  was  slackened  altogether,  allowing  the 
wheel  on  that  side  to  run  loose  on  the  axle.  By  this  means  the 
engine  was  turned  readily,  whatever  might  be  the  width  of  its 
driving  wheels. 

The  Chairman  enquired  what  was  generally  the  expense  of  steam 
cultivation,  and  the  absolute'  cost  of  the  machinery  and  the  repairs. 

Mr.  Gbbio  replied  that  a  14  horse  power  engine  with  implements 
and  tackle  complete  might  be  reckoned  at  less  than  £1000,  the 
actual  cost  being  about  £944.  There  were  two  implements  supplied 
with  each  engine,  of  different  construction,  a  cultivator  with  seven 
shares  and  a  plough  with  four ;  the  cultivator  was  for  going  over  the 
hmd  previously  ploughed,  and  its  shares  or  tjnes  had  only  a  cutting 
action  without  turning  the  soil  over.  The  total  cost  of  repairs,  to 
aQow  for  rpnewal  of  the  whole,  might  be  taken  safely  at  15  per 
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cent,  on  the  outlay,  being  10  per  cent,  for  the  working  repairs  and 
5  per  cent,  interest.  For  working  the  engine  and  implements  two 
men  and  three  boys  were  required,  making  the  cost  for  labour  about 
10«.  per  day.  In  case  of  having  two  engines,  one  at  each  end  of 
the  field,  three  men  and  two  boys  would  be  employed,  and  the  two 
engines  of  7  horse  power  in  place  of  one  of  14  horse  power  would 
raise  the  total  cost  to  about  £1140. 

The  Chairman  enquired  whether  accidents  to  the  machinery 
were  of  frequent  occurrence  or  whether  the  expense  of  repairs 
arose  from  the  mere  wear  and  tear  of  the  engines  and  machinery. 
It  appeared  that  very  little  trouble  was  experienced  from  the  lai-ge 
stones  sometimes  met  with,  and  he  enquired  whether  the  repairs  of 
the  rope  formed  any  considerable  item  in  the  expense. 

Mr.  Greio  replied  that  the  repairs  were  merely  those  arising 
from  regular  wear  and  tear,  and  accidents  of  any  sort  seldom 
occnrred.  The  steel  wire  ropes  were  now  made  so  strong  that  they 
seldom  broke  on  less  than  1000  acres,  and  2000  acres  were  now 
often  done  before  any  breakage  took  place.  There  was  indeed  no 
fear  of  breaking  the  rope ;  for  if  the  implement  caught  i^ainst  a 
stone  the  rope  would  stop  the  engine  dead  before  it  would  break ; 
and  the  cost  of  maintenance  of  the  rope  was  the  merely  nominal 
sum  of  only  about  6d,  per  acre. 

Mr.  E.  E.  Hewett  enquired  whether  the  steam  plough  was  able 
to  plough  the  whole  of  the  field,  or  whether  a  second  plough  had  to 
be  used  to  finish  the  headlands  afterwards,  and  what  percentage  was 
generally  left  unploughed. 

Mr.  Gaeig  explained  that  each  field  was  completed  by  the  steam 
plough  itself,  the  headlands  being  left  unploughed;  and  on  that 
account  it  was  not  profitable  to  take  the  steam  plough  into  small 
fields,  say  only  7  acres :  such  small  fields  indeed  should  not  exist  at 
all  for  steam  cultivation,  and  it  was  found  that  the  steam  plougbs 
were  never  purchased  for  farms  that  were  cut  up  into  small  fields. 
In  large  fields  of  20  or  30  acres  the  land  left  unploughed  wonld 
probably  not  be  more  than  half  an  acre,  unless  there  were  veiy 
crooked  fences  which  would  prevent  the  engine  and  implements 
from  being  worked  in  favourable  positions.     K  it  were  desired  in 
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any  field  to  plorogli  the  headlands  also,  it  would  be  better  to  plough 
thembyboTBes,  in  order  to  save  the  time  and  labour  of  readjuBting 
the  engine  and  tackle  for  sucb  an  insignificant  amount  of  work. 

Mr.  W.  KiCHARDSON  asked  whether  the  engines  would  work  best 

ht  asimder  or  close  together,  supposing  the  steam  plough  were 

workmg  in  an  unenclosed  country  like  Egypt  or  South  America 

where  the  ground  could  be  laid  out  in  any  way  that  was  found  best. 

Mr.  G&EiQ  considered  the  most  profitable  mode  of  working  was 

to  have  the  two  headlands  about  BOO  or  400  yards  apart.    Sometimes 

fields  had  been  met  with  where  the  headlands  were  500  yards  apart, 

but  that  distance  took  all  the  strength  of  the  rope  to  do  it.     When 

the  distance  apart  was  increased  beyond  the  ordinary  run,  the 

increased  wear  and  tear  of  the  rope  more  than  counterbalanced  the 

tinie  saved  in  turning ;  so  that  in  the  case  of  a  width  of  600  yards 

it  would  be  better  to  plough  it  in  two  widths  of  300  yards  each, 

because  there  would  be  less  wear  and  tear.     On  the  other  hand  in 

small  fields  there  would  be  a  considerable  time  lost  in  turning  at 

each  headland. 

The  Chaibm AN  remarked  that  the  paper  had  shown  clearly  the 

snecessive  stages  by  which  the  present  system  of  steam  cultivation 

had  been  arrived  at ;  and  he  had  himself  had  an  opportunity  of 

seeing'  the  steam  plough  at  work  two  or  three  years  ago,  both  on 

the  second  plan  described  in  the  paper,  with  the  stationary  engine 

in  the  middle  of  one  headland  and  the  rope  led  round  anchor  pulleys 

at  the  opposite  sides  of  the  field,  and  also  on  the  improved  system  of 

direct  pull,  getting  rid  of  many  of  the  bends  in  the  rope,  which  was 

now  carried  out  with  so  much  success.     It  was  clear  now,  from 

the  experience  previously  gained,  that  there  had  been  two  very 

important  objects  to  be  attained:  the  one  to  get  rid  of  as  much 

weight  in  the  rope  as  possible,  by  making  the  rope  itself  as  small 

AS  possible;  and  the  other  to  make  the  bends  in  the  rope  easy 

•ad  few  in  number,  and  reduce  the  wear  and  tear  on  the  rope 

in  driving.    The  former  of  these  objects  had  been  accomplished 

by  the  use  of  steel  instead  of  iron  wire  in  the  manufacture  of  the 

>^ope ;  and  the  latter  by  the  clip  drum,  which  was  certainly  a  most 

^i^SP^'iuoiig  and  valuable  contrivance,  and  had  been  found  to  work 
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with  the  greatest  success  and  regularity.  He  had  seen  the  clip 
drum  in  use  in  the  horizontal  position  shown  in  the  drawings,  in 
which  it  was  employed  in  steam  cultivation,  and  had  been  much 
struck  by  the  boldness  of  the  method  of  adjusting  the  distance 
between  the  upper  and  lower  row  of  clips,  so  as  to  adj^^t  the  whole 
set  simultaneously  by  a  single  turn,  by  the  simple  expedient  of 
chasing  a  screw  thread  upon  a  .drum  Of  even  7  feet  diameter,  instead 
of  employing  a  separate  adjustment  for  each  pair  of  clips,  whicli 
might  at  first  sight  have  seemed  the  only  way  to  effect  the  object ; 
and  the  screw  was  found  to  answer  the  purpose  in  the  most 
thoroughly  satisfactory  manner.  The  contrivances  for  taking  up 
the  slack  of  the  rope  so  as  to  keep  it  clear  off  the  ground  were  also 
particularly  deserving  of  notice,  from  their  simplicity  and  practical 
efficiency  in  accomplishing  what  was  evidently  a  point  of  mnch 
importance  to  the  success  of  the  system.  The  slack  ge&r  on  the 
plough  itself  ensured  the  rope  being  drawn  tight  by  an  entirely 
self-acting  apparatus  before  the  plough  started  in  either  direction, 
and  the  action  was  reversed  simply  by  the  ploughman  taking  his 
seat  at  one  end  of  the  implement  or  the  other.  The  compensating 
break  attached  to  the  winding  drum  also  served  to  prevent  the 
rope  becoming  slack,  the  rope  being  drawn  off  under  the  constant 
tension  kept  upon  it  by  the  friction  of  the  break. 

He  had  no  doubt  that  the  time  was  coming  when  the  use  of 
engines  upon  common  roads  would  be  a  necessity,  and  that  horses 
would  soon  become  accustomed  to  the  passage  of  a  steam  engine ; 
and  if  at  first  they  were  frightened  it  was  very  easy  to  stop  the 
engine.  But  the  use  of  engines  on  common  roads  ought  not  to  be 
prohibited  merely  on  account  of  frightening  horses,  any  more  than 
soldiers  were  prevented  from  marching  through  the  streets  because 
horses  would  take  fright  at  the  sound  of  the  drum.  He  remembered 
travelling  frequently  by  Hancock's  steam  carriage,  which  used  to 
run  regularly  twenty-five  years  ago  through  the  streets  of  London 
from  the  Bank  to  Paddington,  at  a  speed  of  7  or  8  miles  an  hour  or 
even  10  to  12  miles  an  hour  on  good  parts  of  the  road.  At  first  the 
horses  were  certainly  much  frightened  at  it,  but  when  it  had  been 
running  a  month  the  omnibus  horses  took  no  notice  of  it  at  aU. 
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He  was  sure  all  tlie  members  mnst  feel  greatly  indebted  for  tbe 
^  and  able  paper  tliat  bad  been  read ;  and  while  they  deeply 
regretted  the  early  loss  of  so  eminently  practical  and  energetic 
a  member  of  tlie  engineering  profession  as  the  late  Mr.  Fowler, 
there  was  no  reason  to  donbt  that  the  work  he  had  so  admirably 
began  would  be  ably  carried  on  by  his  successors. 

He  proposed  a  vote  of  thanks  to  Mr.  G-reig  for  the  paper,  which 
was  passed. 


The  following  paper,  commxmicated  through  Mr.  Walter  May 
of  Birmingham,  was  tben  read : — 


Q 
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DESCRIPTION  OF  A 

HIGH-SPEED  COMPRESSED-AIR  HAMMER, 

FOR   PLANISHING,    STAMPING,   FORGING,   <kc. 


Bt  Mr.  WILLIAM  D.  6BIMSHAW,  of  Biruinghak. 


The  objects  of  this  Compressed  Air  Hammer  are  to  obtain  a 
self-acting  hammer  with  a  great  range  in  the  force  and  rapidity 
of  the  blows,  so  as  to  be  suitable  for  light  forging,  tilting,  and 
planishing ;  or  capable  of  being  worked  by  hand  with  heavy  blows 
for  stamping  when  required ;  and  also  arranged  to  be  driven  by  a 
belt  from  a  shaft,  in  order  to  be  applicable  where  direct  steam  power 
is  not  available.  The  machine  consists  of  a  force  pump  supplying 
compressed  air  to  a  reservoir,  and  a  working  cylinder  and  piston 
with  hammer  similar  to  those  of  a  steam  hammer,  but  worked  with 
compressed  air  instead  of  steam,  and  having  arrangements  for 
varying  the  action  of  the  hammer  as  required,  and  increasing  the 
rapidity  of  the  blows  considerably  beyond  the  speed  of  revolution 
of  the  driving  pulley. 

The  hammer  is  shown  in  Figs.  1  to  6,  Plates  14,  15,  and  16. 
Fig.  1  is  a  side  elevation  of  the  hammer,  partly  in  section ;  Figs.  2 
and  3  are  front  and  back  elevations ;  and  Fig.  4  is  a  plan,  partly  in 
section. 

The  double-acting  air  pump  A,  Fig.  1,  is  8  inches  diameter  and 
8  inches  stroke,  and  is  worked  by  a  crank  pin  on  the  driving 
pulley  B  ;  it  has  a  solid  piston  fitted  with  cupped  leathers,  and  cast 
iron  suction  and  delivery  valves  C,  which  are  circular  with  flat 
£Ebces,  and  each  fitted  with  a  light  spring  on  the  top  to  close  the 
valve  promptly.  The  interior  of  the  hammer  frame  D  forms  the 
reservoir,  into  which  the  compressed  aif  is  delivered  by  the  putnp, 
and  the  pressure  is  regulated  by  the  safety  valve  E,  with  a  sliding 
weight  or  spring  balance  to  alter  the  working  pressure  of  the 
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bimmefr.  The  piston  ¥  of  tlie  hammer  cylinder  is  4^  inches 
diameter,  packed  with  cnpped  leathers,  and  has  a  ftill  stroke  of 
10  inches.  The  compressed  air  is  admitted  below  and  above  the 
paton  alternately  by  the  slide  valye  Q  at  the  top  of  the  cylinder, 
aad  escapes  by  an  exhanst  port  at  the  side  of  the  cyHnder  H.  The 
pressnre  of  the  air  admitted  to  the  cylinder  from,  the  reservoir  D  is 
reg;ii]ated  by  the  throttle  valve  I,  worked  by  the  foot  treadle  K ;  the 
throttle  valve  spindle  is  seen  in  Fig.  5,  which  is  a  horizontal  section 
thiongh  the  hammer  cylinder. 

The  stide  valve  Q  is  of  cast  iron,  and  is  shown  separately  to  a 
larger  scale  in  different  positions  in  Figs.  7  to  11.  It  is  iaced  both 
back  and  fitmt,  with  the  ports  passing  throngh  to  the  back ;  and 
two  adjustable  cnt-off  slides  J  J  are  placed  on  the  back  for  altering 
the  points  of  cutting  off  the  air.  These  are  regulated  separately 
by  screws  L  L,  which  pass  throngh  the  side  of  the  valve-box,  and 
serve  to  Hold  the  cnt-off  stides  stationary  in  any  desired  positions. 

The  sHde  valve  G  is  worked  by  a  crank  pin  on  the  horizontal 
disc  M,  Figs.  1,  4,  and  6,  and  this  is  driven  by  contact  with  the 
vertical  wheel  N  upon  the  shaft  of  the  driving  pnlley  B ;  the  disc  M 
is  pressed  down  by  a  spiral  spring  0  upon  the  lower  end  of  its 
spindle,  as  shown  in  the  section  Fig.  6,  and  the  vertical  wheel  N  is 
&ced  with  leather  on  the  edge,  to  give  the  required  adhesion  for 
driving  it.  This  wheel  N  sUdes  along  the  driving  shaft  npon  a 
feather,  and  is  shifted  by  the  lever  P,  varying  the  speed  of  driving 
the  disc  M  by  acting  npon  it  at  different  distances  from  its  centre, 
umI  thereby  giving  a  range  of  speed  for  driving  the  slide  valve  up 
to  nunre  than  double  the  rate  of  revolution  of  the  main  driving 
poQey  B.  By  means  of  the  lever  P,  which  is  held  in  a  series  of 
notches,  the  number  of  blows  of  the  hammer  can  thus  be  changed, 
without  stopping  it,  from  150  up  to  420  per  minute,  with  the  usual 
working  speed  of  from  150  to  200  revolutions  per  minute  of  the 
driving  pulley. 

The  valve  spindle  is  connected  with  the  crank  pin  on  the  driving 
disc  M  by  a  connecting  ro^  B  having  a  forked  end,  as  shown  in  the 
plan,  ¥Hg.  4 ;  and  this  can  be  at  once  disconnected  by  withdrawing 
the  fork  E  by  means  of  the  handle  S.     The  slide  valve  is  then 
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worked  by  liand  or  foot  by  means  of  tbe  lever  T,  when  the  hammer 
is  required  to  be  used  for  stamping ;  and  the  lever  T  is  removed 
by  drawing  it  oat  of  its  socket  when  the  hammer  is  reqnired 
to  be  worked  self-acting. 

An  efficient  hanmier  worked  by  compressed  air  is  found  very 
advantageous  in  many  situations,  such  as  where  there  would  be 
material  loss  of  power  by  condensation  in  bringing  steam  from  a 
great,  distance,  or  where  the  damp  from  leakage  of  steam  or  the 
dropping  of  condensed  water  on  the  anvil  would  be  objectionable, 
as  in  shops  where  bright  steel  is  exposed  or  where  the  planishing  of 
bright  work  is  carried  on.  The  air  hammer  also  meets  the  ca^es 
where  horse  power  or  other  power  than  steam  is  alone  available; 
and  it  has  an  advantage  in  being  always  ready  for  work,  not  having 
any  accumulation  of  condensed  water  in  the  cylinder  and  passages 
as  in  the  steam  hammer.  There  is  also  a  saving  in  lubrication  and 
in  wear  of  the  working  parts,  from  their  not  being  exposed  to  the 
heat  of  high  pressure  steam. 

In  this  air  hammer  the  force,  rapidity,  and  quality  of  the  blow 
can  be  changed  with  great  promptness  and  accuracy.  The  force  of 
the  blow  is  regulated  by  shifting  the  safety  valve  weight  E,  or 
by  means  of  the  throttle  valve  I  altering  the  pressure  of  air  upon 
the  top  of  the  hammer  piston ;  and  the  sHde- valve  motion  admits  of 
altering  the  rapidity  of  the  blow  instantaneously,  giving  also  the 
means  of  obtaining  a  very  high  speed  without  involving  any 
destructive  tappet  action,  as  the  small  sHde  valve  Gr  is  alone  required 
to  be  worked  at  the  high  speed.  The  arrangement  of  the  cut-off 
slides  J  gives  the  means  of  regulating  the  quality  of  the  blow,  from 
a  frill  stamping  blow,  to  a  sharp  pick-up  blow  striking  with  any 
degree  of  lightness  and  well  suited  for  such  work  as  planishing 
and  shaping  hollow  ware;  and  by  the  use  of  the  hand  or  foot 
lever  T  the  hammer  is  readily  and  conveniently  worked  as  a  smiple 
stamp. 
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A  working  model  of  the  hammer  was  exhibited,  and  shown 
in  action. 

The  Chmrman  enquired  where  any  of  the  hammers  were  in  nse, 
and  what  work  they  were  employed  npon. 

Mr.  &KIMSHAW  replied  that  several  of  the  hanmiers  were  now  in 
uae  in  Birmingham  and  the  neighbourhood,  employed  for  various 
stamping  and  forging  purposes;  also  one  at  Glasgow  for  copper- 
smitVa  work,  shaping  and  planishing  vacuum  pans  for  sugar 
refining,  and  one  at  Sheffield  for  steel  tilting.  The  pressure  of  the 
air  oonld  be  varied  by  altering  the  load  on  the  safety  valve,  and  the 
hammers  had  been  worked  at  pressures  from  7  to  30  lbs.  per  square 
inch ;  the  ordinary  pressure  at  which  they  were  worked  was  about 
20  lbs.  per  square  inch. 

Mr.  E.  T.  Bellhouse  enquired  whether  the  'hammer  had  been 
used  for  forging  iron,  as  in  a  smith's  shop ;  and  whether  in  stamping 
plate  iron  it  had  been  tried  stamping  the  metal  cold. 

Mr.  Grimshaw  repUed  that  one  of  the  hammers  had  been  at 
work  for  more  than  seven  months  in  a  smith's  shop  for  ordinary 
forging  work ;  and  in  that  case  it  was  employed  also  for  blowing  the 
Bre  in  the  intervals  while  the  iron  was  being  heated,  by  a  connecting 
pipe  being  carried  to  the  tuyere  from  the  air  reservoir.  In  stamping 
plate  iron  the  hammer  could  be  used  for  stamping  the  metal  either 
hot  or  cold  as  might  be  desired. 

The  Chairmak  asked  what  was  the  greatest  number  of  blows 
per  minute  that  had  been  obtained  with  the  hammer. 

Mr.  Grimshaw  replied  that  the  greatest  speed  at  which  the 
hammer  had  been  worked  was  800  strokes  per  minute,  and  it  could 
he  driven  at  any  number  of  blows  below  that  amount.  It  was 
QsuaUy  worked  self-acting  for  any  speed  above  100  blows  per 
minute,  hut  below  this  it  was  generally  preferred  to  throw  the 
self-acting  motion  out  of  gear  and  work  it  by  hand ;  or  in  case  the 
workman  wanted  both  his  hands  free,  the  treadle  gave  the  means 
of  working  the  hammer  by  foot. 

Mr.  W.  RiCHABDSON  enquired  what  was  the  size  and  cost  of  the 
httrgest  hammer  that  had  been  put  to  work  yet-,  and  what  pressure 
of  air  it  was  worked  at. 
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Mr.  Grimshaw  replied  that  tlie  largest  of  the  hammers  jefc  put 
to  work  had  a  cylinder  8^  inches  diameter  and  a  stroke  of  28  inches ; 
he  did  not  know  what  pressnre  it  was  working  at,  but  the  pressure 
might  be  adjusted  to  any  amonnt  from  5  lbs.  np  to  40  lbs.  per  square 
inch.  The  cost  of  snch  a  hammer  was  aboat  £180,  and  of  a  hammer 
of  the  size  shown  in  the  drawings  about  £60^  the  larger  hn.TnTner 
requiring  about  5  horse  power  to  drive  it,  and  the  smaller  about 
1  horse  power. 

Mr.  E.  H.  OiRBUTT  thought  the  air  hammer  was  not  as  suitable 
for  steel  tilting,  and  would  not  be  able  to  compete  with  the  steam 
hammer  for  that  purpose,  since  its  power  was  not  to  be  compared 
with  that  of  the  steam  hammer.  The  greatest  advantage  of  the  air 
hammer  he  considered  would  be  for  stamping  small  articles,  in  place 
of  hand  labour. 

The  Chairman  enquired  what  was  the  greatest  speed  of  blows 
that  was  obtained  by  the  steam  hammer. 

Mr.  E.  H.  Carbutt  said  that  several  steam  hammers  of  from 
4  cwts.  to  10  cwts.  were  working  in  Sheffield,  with  which  500  to 
600  blows  per  minute  could  be  struck  if  required ;  and  they  were 
regularly  working  at  300  blows. 

Mr.  Grimshaw  observed  that  in  reference  to  tilting  steel  there 
was  one  of  the  air  hammers  now  at  work  in  Birmingham 
which  was  employed  in  drawing  down  steel;  a  bar  of  steel 
4  inches  long  and  |  inch  square  was  drawn  down  to  a  length 
of  14  or  16  inches  with  a  regular  taper,  and  36  of  these  were 
produced  by  the  hammer  in  19  minutes  in  the  ordinary  work, 
which  he  believed  it  would  be  impossible  to  accomplish  by  any 
steam  hammer  at  present  employed.  The  average  speed  of  the  air 
hanmier  for  that  work  was  about  340  blows  per  minute  in  regular 
working,  and  that  was  as  fast  as  the  man  could  turn  his  hand 
for  turning  over  the  mould  between  each  blow ;  the  speed  could 
however  be  increased  whenever  desired  up  to  600  or  even  800  blows 
per  minute.  When  the  drawing  of  the  steel  was  finished,  the 
hammer  could  be  stopped  instantly,  with  a  promptness  which  could 
not  be  attained  with  the  steam  hammer. 
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Mr.  W.  BiCHARDSOH  thought  all  that  had  been  performed  by  the 

air  humnier  in  steel  drawing  and  other  work  oonld  be  accompHshed 

equally  well  by  ordinary  steam  hammers,  as   regarded  both  the 

npidity  and  force  of  the  blows.    The  main  advantage  he  considered 

to  be  gainfid  by  the  nse  of  the  air  hammer  would  be  preserving  the 

die  always  dry  and  free  from  liability  to  droppings  of  condensed 

steam ;  there  were  many  kinds  of  work  in  which  a  dry  die  was  a 

natter  of  great  importance,  and  for  such  cases  the  air  hammer 

iqipeared  admirably  adapted;    but  for  general  work  he  did  not 

think  it  could  compete  with  the  steam  hammer. 

Mr.  GiUMSHAW  mentioned  that  the  steam  hammer  had  been 
abandoned  for  steel  tilting  at  some  of  the  works  in  Sheffield,  and 
the  air  haomier  adopted  instead,  as  it  was  found  preferable  for  the 
purpose.  At  Messrs.  Sanderson's  works  one  of  the  air  hammers 
had  been  at  work  for  a  considerable  time  for  bolstering  and 
forging  knife  blades  &c. ;  and  at  another  steel  works  a  shop  was 
going  to  be  built  to  contain  six  of  the  air  hammers. 

Mr.  C.  H.  Adames  said  that  he  used  to  employ  steam  hammers 
for  planishing  hollow  ware  at  his  works  in  Birmingham,  but  had 
been  obHged  to  abandon  them  for  bright  iron  work,  on  account 
of  the  droppings  and  moisture  from  the  steam ;  and  he  had  now 
put  np  for  the  purpose  one  of  the  air  hammers  described  in  the 
paper,  which  had  been  at  work  for  ten  months  and  had  proved 
very  successful  and  had  shown  he  considered  a  decided  economy 
as  compared  with  steam.  He  accordingly  intended  to  remove  two 
steam  stamps  of  large  size  at  present  in  use,  and  replace  them  by 
air  hammers,  which  he  was  satisfied  would  answer  well. 

The  CHATBMAif  remembered  an  air  hammer  being  made  by  the 
Iste  Mr.  John  Hague  about  thirty-five  years  ago,  which  he  believed 
^VBB  one  of  the  earUest  air  hammers  that  had  been  made.  It  was 
worked  as  a  vacuum  hanmier,  by  exhausting  the  air,  instead  of  by 
<3oiupre88ed  air,  and  was  constructed  for  the  purpose  of  planishing 
^7^  I^^DS;  and  it  worked  with  such  an  extraordinary  rapidity 
that  it  was  impossible  to  see  where  the  hammer  was  in  working, 

and  the  effect  seemed  more  like  giving  one  continuous  pressure. 

That  hammer  was  however  wanting  in  the  elegant  contrivance  for 


•..». 


:   t. 


'V 


r 


tt.O' 


ft 


100  COMPB£SSED   AIB   HAMMER. 

regulating  tlie  blows  that  was  shown  in  the  hammer  now  described; 
and  he  was  particularly  pleased  with  the  mode  of  working  the  slide 
valve  by  the  neat  arrangement  of  the  Motion  wheel  and  disc 
running  in  contact  with  each  other.  He  enquired  how  the  surfaces 
of  the  wheel  and  disc  had  been  found  to  stand  in  work,  and  whether 
there  was  much  liability  of  their  shpping ;  and  what  amount  of 
repairs  had  been  required  to  any  of  the  hammers. 

Mr.  Gbimshaw  replied  that  in  the  first  of  these  hammers  that 
was  put  to  work  the  surfaces  of  the  friction  wheel  and  disc  for 
working  the  slide  valve  were  merely  iron  against  iron,  and  worked 
in  that  condition  for  seven  months  with  only  an  occasional  slipping 
when  a  Httle  oil  from  the  bearings  happened  to  get  upon  the 
sur&ce  of  the  disc.  Afberwards  the  bearing  of  the  disc  had  been 
recessed,  and  formed  into  an  inverted  cup,  to  prevent  any  risk  of 
oil  getting  upon  the  rolling  surface ;  and  the  friction  wheel  had 
been  faced  with  leather  to  increase  its  hold  upon  the  disc  and 
diminish  the  wear.  No  repairs  had  yet  been  required  to  any  of  the 
hammers  at  present  at  work,  and  the  only  accident  that  had 
occurred  to  any  of  them  had  been  that  the  cylinder  bottom  got 
broken  through  an  accident  in  the  first  hammer,  which  had  been 
put  up  mainly  with  a  view  to  testing  the  cost  of  working  and  the 
actual  wear  and  tear  of  the  several  parts. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Grimshaw  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated. 


PEOCBBDINGS. 


1  AND  2  August,  1865. 


The  Ahnual  MEETma  of  the  Members  was  lield  in  the 
Examination  Hall,  Trinity  College,  Dublin,  on  Tuesday,  Ist 
^ngOBt,  1865 ;  BoBEST  Napier,  Esq.,  President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
confirmed. 

The  President  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following 
New  Uembers  were  duly  elected : — 


MEMBERS. 

JoHir  J.  Baoshawe,  . 

Charles  Bell, 

Charles  Bladen, 

George  Brown,    . 

Frederick  William  Bryant, 

Samuel  Carlton, 

John  Clarke,   . 

Victor  Coates,    . 

James  Cross,    . 

James  Davidson,  . 

Charles  Kellooh  Domyille, 

Charles  P.  Douglas,   . 

Frank  Evers,   . 

Samuel  Clough  Faviell, 

Edward  Filliter, 

Goran  Fredrick  Goransson, 


Sheffield. 

Stoke-upon-Trent. 

Jarrow. 

Botherham. 

London. 

Swindon. 

Leeds. 

Belfast. 

St.  Helen's. 

Woolwich. 

Bel&st. 

Grateshead. 

Stourbridge. 

Leeds. 

Leeds. 

Gefle,  Sweden. 

R 
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William  Abthuk  Harbison, 
John  Heptinstall, 
John  Muir  Hethbrington, 
John  Hollidat,    . 
Edward  George  Jaryis,    . 
William  MacNay, 
Daniel  Macnee, 
Alexander  McDonnell, 
John  Robinson, 
Alexander  Thorn, 
George  Moon  Usher, 
Andrew  Wtllie,  . 


Manchester. 

Rotherliaiii. 

MancHester. 

Westbromwicli. 

Gloucester. 

Darlington. 

Sheffield. 

Dublin. 

Rochdale. 

London. 

Beverley. 

Liverpool. 


honorary  members. 

Alfred  Longsdon,  .  London. 

Thomas  Warden,       ....     Birmingham. 


The  following  paper  was  then  read  : — 
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ON  MACHINERY    EMPLOYED    IN    THE    PREPARATION 
AND    SPINNING  OF     FLAX. 


Bt  Me,  THOMAS  GREENWOOD,   of  Leeds. 


The  mana&cture  of  Flax  is  from  a  variety  of  canses  one  of  tHe 
mofii  iLteresting  of  textile  maDnfactares ;  and  altHongh  not  one  of 
the  most  extensive  is  of  considerable  importance,  the  exports  of  linen 
and  linen  jam  from  this  country  amounting  to  upwards  of  £8,000,000 
for  the  hut  year.  As  a  manufiMsture  it  is  one  of  the  most  ancient, 
the  fine  linen  cloth  of  Egypt  having  been  employed  in  a  very  remote 
period  for  embalming ;  and  examination  by  the  microscope  confirms 
the  fact  that  this  cloth  was  made  of  flax  and  some  of  it  of  a  fine 
quality.  Yet  there  is  not  the  slightest  evidence  that  this  linen  was 
spnn  otherwise  than  by  hand  by  means  of  the  distaff,  the  method  of 
spinning  in  those  days  being  the  same  that  prevailed  in  this  country 
np  to  a  very  recent  period,  and  is  still  extensively  practised  in  the 
north  of  Europe  in  the  neighbourhood  of  Archangel  and  the  White 
Sea. 

'Hie  processes  of  cultivating  and  retting  flax  seem  to  have  been 
^<^m  all  countries  where  it  wob  grown,  and  steeping  or  dew- 
'^^tfflg  was  the  prevailing  method  in  its  preparation.  Some  years 
^  artificial  methods  were  introduced  to  supersede  this  natural 
P'ooess  of  retting;  but  their  success  has  only  been  partial,  and  in 
the  chief  flax  producing  countries  the  natural  system  prevails.  The 
'Wh  of  flax  are  pulled  up  by  the  roots  and  set  up  in  bundles  to 
^^y  and  the  seed  is  then  stripped  oflf.  The  "  retting  "  consists  in 
steeping  the  stalks  in  partially  stagnant  water  for  about  three  weeks, 
anting  whieh  time  a  fermentation  takes  place.     The  flax  fibre  being 
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the  bark  or  rind. of  the  flax  plant,  of  which  the  interior  or  core  is  a 
semi-wooden  snbstance  called  "boom,"  the  object  of  retting  is 
partially  to  decompose  this  woody  substance,  so  that  it  becomes 
brittle  when  dry  ;  and  the  fermentation  should  not  be  continned  so 
long  as  to  injure  the  strength  of  the  fibre,  but  long  enough  to  loosen 
the  gum  which  causes  the  bark  to  adhere  to  the  woody  portion.  The 
process  therefore  requires  great  care  and  experience,  for  either 
too  much  or  too  little  retting  is  detrimental  to  the  fibre.  When 
thoroughly  dried,  the  flax  is  ready  to  be  broken,  which  is  done  by 
passing  it  in  small  bunches  through  pairs  of  fluted  rollers ;  these 
break  the  woody  core  into  short  lengths,  and  also  partially  spHt  the 
bark. 

The  next  operation  is  called  "  scutching,"  which  in  most  flax 
producing  countries  is  still  done  by  hand  in  preference  to 
mill-scutching.  In  hand-scutching,  a  bundle  of  the  broken  flax 
is  suspended  alternately  at  each  end  and  struck  with  a  wooden 
beater,  by  which  the  broken  pieces  of  the  core  or  boom  are  dusted 
out  from  between  the  fibres.  This  operation  requires  considerable 
dexterity,  for  some  of  the  finest  flax  is  worth  £200  per  ton  of  fibre, 
so  that  any  waste  or  damage  to  the  fibre  by  getting  it  entangled  is 
a  serious  loss.  The  bark  or  fibre  at  this  stage  ought  to  appear  like 
narrow  strips  of  tape  ;  unbroken  and  unentangled,  or  the  yield  will 
Bufler  in  the  next  process  of  "  heckling."  In  Ireland  last  year  the 
flax  crop  covered  upwards  of  300,000  acres,  producing  80,000  tons 
of  flax  at  an  average  value  of  £60  to  £70  per  ton;  and  the 
hand-scutched  flax  realised  about  20  per  cent,  higher  price  than  the 
mill-scutched. 

The  next  process  is  to  "  heckle  "  the  flax,  which  was  formerly 
done  by  hand  by  the  flax  dressers.  The  heckle  is  a  board  set 
closely  with  pins  about  4  inches  long,  which  are  ground  to  a  fine 
tapering  point ;  thos  board  is  fixed  with  the  points  of  the  pins  upwards, 
and  the  bundles  of  flax  are  drawn  over  the  plus  until  the  flax  is 
sufficiently  split.  Other  heckles  of  varying  degrees  of  fineness  are 
also  used,  partly  to  bring  up  the  fibres  to  the  requisite  degree  of 
fineness,  but  chiefly  to  clear  out  the  short  loose  fibres  or  tow  which 
were  split  off  in  the  first  heckling.      The  dressed  flax  was  sold  iu 
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this  state  under  tlie  name  of  lint,  for  spinning  bj  hand,  which  was 
formerly  a  common  domestic  occupation  both  of  rich  and  poor. 

In  the  early  application  of  machinery  to  preparing  and  spinning 

flftx,  the  fibres  were  drawn  between  two  pairs  of  rollers,  the  first 

called  the  receiving  rollers  and  the  other  pair  the  drawing  rollers, 

the  two  pairs  of  rollers  being  placed  at  varying  distances,  apart, 

according  to  the  length  of  fibre  to  be  operated  upon.     The  drawing 

rollers  ran  at  from  5  to  10  times  the  surfieuse  speed  of  the  receiving 

rollers,  so  as  to  elongate  the  "  sliver ' '  or  bundle  of  fibres.  Subsequently 

a  series  of  "  travelling  gills  "  was  introduced  between  the  receiving 

and  drawing  roUers,  these  being  a  succession  of  small  transverse 

combs,    called    giUs,     travelling    continuously    forwards    in    the 

longitudinal  direction  of  the  fibres  about  5  per  cent,  ^ter  than 

the  suriJEkce  speed  of  the  receiving  rollers.  This  proved  a  step  in  the 

right  direction,  and  was  followed  by  the  introduction  of  spinning 

fiames  similar  to  those  employed  in  spinning  cotton,  but  with  the 

modifications  rendered  necessary  by  the  difierence  in  the  material 

to  be  spun :  the  chief  feature  in  the  flax  machinery  being  the  great 

difference  in  the  distance  between  the  receiving  and  the  drawing 

rollers,  which  amounts  to  as  much  as  20  to  24  inches  distance  in 

the  case  of  flax,  instead  of  at  most  only  a  few  inches  in  the  case  of 

drawing  cotton,  on  account  of  the  great  difierence  between  the 

length  of  fibre  in  the  two  materials. 

The  flax  was  at  flrst  kept  quite  dry  in  the  spinning  process ; 

bat  a  mode  of  damping  the  yam  by  means  of  a  piece  of  wet  cloth 

held  in  contact  with  the  drawing  roller  was  afterwards  employed, 

▼bich  had  the  effect  of  laying  the  loose  ends  of  the  fibres  in  the 

same  manner  as  is  done  by  wetting  the  fingers  in  hand-spinning. 

But  the  great  expansion  that  has  taken  place  in  the  flax  trade 

is  due  to  the  principle  of  wet  spinning  introduced  by  the  late 

Mr.  Kay :  the  flax  rovings  being  first  put  into  warm  water  and 

allowed  to  stand  until  fermentation  took  place,  by  which  the  flax 

wEfi  macerated  and  bi-ought  into  a  state  bordering  on  putre&ction. 

This  was  found  however  to  be  a  dangerous  process,  for  if  continued 

^00  long  the  strength   of  the  fibre  was   destroyed.     Subsequent 
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experience  showed  that  it  was  only  necessary  to  pass  the  rovings 
through  hot  water  in  order  to  attain  a  better  result,  and  that  no 
maceration  was  requisite.  It  is  only  the  natural  gmn  contained  in 
the  flax  fibres  that  requires  to  be  dissolved  or  softened,  in  order 
to  allow  them  to  be  drawn  asunder ;  and  the  slimy  nature  of  the 
rovings  when  wet  allows  this  to  be  done  to  almost  any  extent.  When 
spun  dry  by  machinery,  No.  40  yam  was  about  the  maximum  degree 
of  fineness  attained,  in  which  the  "  bundle  "  of  60,000  yards  length 
weighs  6  lbs.,*  and  this  size  of  yam  is  suitable  for  ordinary  linen 
cloth ;  but  now  by  the  improved  process  of  wet  spinning  Nos.  300  to 
400  are  ordinarily  attained,  in  which  sizes  of  yarn  the  "  bundle  "  of 
60,000  yards  length  weighs  only  f  and  ilb.  respectively.  The 
whole  of  this  advantage  indeed  is  not  due  to  the  principle  of  wetting 
the  roving,  but  many  improvements  in  the  preparation  have 
contributed  to  the  attainment  of  this  result.  One  of  the  conditions 
of  spinning  flax  wet  is  to  bring  the  receiving  and  drawing  rollers 
within  a  few  inches  of  each  other,  and  thus  reduce  the  length 
operated  upon  of  the  fibre  of  the  flax  to  the  distance  between 
the  bite  of  the  receiving  and  drawing  rollers.  Yet  notwithstanding 
all  the  improvements  of  m8u;hinery,  hand-spinning  still  produces  a 
yam  of  three  times  the  fineness  hithei^to  attained  by  the  finest 
machine  ;  for  while  Nos.  300  to  400  are  the  finest  produced  by  the 
machines,  the  hand-spinner  produces  yam  from  Nos.  1000  to  1200, 
in  which  the  "bundle"  of  60,000  yards  length  weighs  only  l-5th 
and  l-6th  lb.  respectively.  This  finest  kind  of  yam,  the  value 
of  which  is  equal  to  that  of  gold,  weight  for  weight,  is  produced 


*  The  **  bandle  "  of  flax  yam  consifits  of  200  leas  or  hanks  of  300  yards  each, 
making  altogether  60,000  yards  length ;  and  the  Nos.  are  marks  indicating  tho 
sizes  of  the  yarn  in  inverse  proportion  to  the  weight  of  the  "  bundle/'  as  in  the 
following  table,  the  unit  being  No.  200  weighing  1  lb. : — 


Ko.    10  yam  weighs  20  lbs.  per  bundle 
No.    20     10  lbs. 


No.  40 
No.  50 
No.  100 
No.  200 


5  lbs. 
4  lbs. 
2  lbs. 
lib. 


No.    200  yam  weighs  1  lb.    per  bimdlo 

No.    300     2-3rdslb.  „ 

No.    400     2.4th8ortlb.    „ 

No.    600     2-5thslb.  „ 

No.  1000     2.10thsor^lb.  ,, 

No.  1200     2-12thsorJJK,. 
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chieflj  in  Belgium,  and  is  used  for  making  Brussels  lace.  The 
gabeecpent  manufacture  of  flax  after  the  jam  is  produced  presents 
great  yarietj,  the  fabrics  made  from  it  ranging  from  the  roughest 
"Dudley  cambric  "  used  for  nail  bags  to  the  finest  lawn,  and  from 
the  stoutest  ship's  sail  to  the  lightest  gossamer  lace. 

Since  ihe  introduction  of  the  principle  of  spinning  flax  wet, 

Tarious  methods  have  been  adopted  to  render  the  fibre  of  the  flax 

finer,  or  in  other  words  to  spHt  it  up  into  a  greater  number  of  fibres 

by  the  process  of  heckling.     The  quaHty  of  the  flax  varies  very 

coiisiderably,  as  indicated  by  the  price,  which  ranges  from  £35  to 

as  much  as  £200  per  ton  of  fibre.     In  order  to  obtain  the  finest 

fibre  it  was  found  necessary  to  break  or  cut  the  flax  into  three 

lengths :  the  top   of  the  plant,  the  middle,  and  the  root  end.     Of 

these  the  middle  is  the  best  part,  owing  to  the  fibres  being  there 

moat  imiform  in  thickness.     By  this  plan  of  dividing  the  natural 

length  of  the  flax  into  three  lengths,   which  is   designated  the 

"  cai-Hne  "  system,  a  very  much  smaller  proportion  of  short  fibres 

is  produced  in  the  heckling  process  than  by  heckling  the  fibre  the 

fan  length  of  the  plant ;  and  consequently  the  fibres  can  be  split 

much  finer,  and  a  larger  proportion  of  yam  can  be  produced  from  a 

given  quantity  of  flax,  the  degree  of  fineness  being  taken  into 

aooount.    Another  system  is  to  cut  the  length  of  fibre  in  half;  but 

this  although  partially  pursued  is    wrong    in    principle,    as  the 

flax  is  then  cut  in  the  middle  or  most  valuable  part  of  the  fibre, 

and  each  length  has  one  bad  end,  the  tapering  end  of  the  top  of  the 

plant,  and  the  coarse  end  of  the  root.      A  third  system  is  to  heckle 

the  flax  the  whole  length  of  the  fibre,  which  is  called  the  "long-line" 

BJBtem,  and  is  the  most  economical  for  the  ordinary  numbers  of  yam 

iliat  always  constitute  the  great  bulk  of  the  manufacture.     On  this 

system  a  greater  weight  of  flax  can  be  passed  through  the  heckling 

and  preparing  machinery  in  a  given  time  ;  and  a  longer  "draft"  can 

be  used  at  the  spinning  frame,  that  is  the  excess  of  surface  speed  of 

the  drawing  rollers  above  that  of  the  receiving  rollers  can  be  made 

Jnnch  greater  than  in  the  three-cut  and  two-cut  systems,  thereby 

produciug  a  greater  drawing  action  and  making  a  finer  thread, 

whilst   reducing  also   the   labour   in    attending    to   the   process. 
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The  machinery  used  in  the  three-cut  and  two-cut  systems  is  the 
same  as  in  the  long-line  process,  only  that  in  the  former  it  is 
finer  in  the  gills  and  rollers  and  shorter  in  the  reach  or  distance 
between  the  pairs  of  rollers.  For  some  descriptions  of  manniacture 
it  is  absolutely  necessary  to  use  the  long-line  process,  as  for  instance 
in  making  the  best  kind  of  sail  cloth,  which  is  used  in  the  royal 
navy  and  in  the  finest  long-voyage  vessels.  For  this  purpose 
the  longest  and  strongest  flax  is  selected,  and  prepared  with  the 
greatest  care  in  the  processes  of  heckling,  drawing,  and  roving, 
so  as  to  preserve  the  fibres  as  long  as  possible  ;  and  in  the  spinning, 
which  is  done  dry,  very  short  drafts  are  used,  that  is  the  excess  of 
surface  speed  of  the  drawing  roUers  above  that  of  the  receiving 
rollers  is  comparatively  small,  so  as  not  to  break  the  fibre  any 
more  than  can  be  avoided.  The  government  authorities  insist  upon 
a  test  of  both  weight  and  strength  at  the  same  time,  in  order  to  get 
the  sails  both  strong  enough  to  resist  the  wind  and  also  as  light  as 
possible  for  the  sailors  to  handle  ;  for  as  the  weight  of  the  mainsail 
of  a  first-class  ship  amounts  to  more  than  a  ton,  it  is  no  easy  task 
to  handle  it  in  a  gale  of  wind  and  rain. 

The  machinery  at  present  in  use  for  preparing  the  flax  and 
spinning  it  into  yam  for  weaving  <fcc.  is  shown  in  Plates  17  to  29. 

Fig.  1,  Plate  17,  represents  the  Breaking  Boilers,  which  are 
fluted  iron  rollers  coupled  together  by  spur  wheels ;  and  both  top 
and  bottom  rollers  are  supported  in  journals,  so  as  to  prevent  the 
flutes  from  touching  each  other.  The  spaces  between  the  teeth  of 
the  flutes  are  also  much  wider  than  the  teeth  working  into  them,  so 
that  as  the  rollers  revolve  the  flutes  never  come  in  contact ; 
otherwise  the  iron  would  damage  the  fibre.  The  object  of  passing 
the  flax  between  these  roUers  is  simply  to  break  the  boom  or  woody 
interior  of  the  flax. 

After  the  flax  has  been  broken  between  the  rollers,  it  is  taken  to 
the  Scutching  Machine,  shown  in  Figs.  2  and  3,-  Plate  17.  The 
scutching  cylinder  A  rotates  in  the  direction  of  the  arrow  at  about 
300  revolutions  per  minute  or  2,800  feet  per  minute  speed  of 
circumference,    and  dashes   out    the    broken    boom    against  the 
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gnting  D  by  means  of  the  toothed  and  plain  projections  B  and  C. 
The  drawing  shoi^vB  one  pair  of  combs  B  and  five  pairs  of  plain 
square  beaters  CCC  upon  the  cylinder  A,  which  are  found  to  act 
well ;  but  the  nnmber  of  either  may  be  altered.  The  strick  of 
broken  flax  is  fed  into  the  machine  by  the  attendant  np  to  half  its 
length ;  and  when  the  boom  is  thoroughly  beaten  out,  it  is  drawn 
back  and  the  other  half  inserted  in  the  same  way.  The  broken 
boom  beaten  out  through  the  grating  D  escapes  by  an  opening  at 
each  end  of  the  grating.  The  ends  of  the  casing  of  the  machine 
being  dosed,  a  considerable  current  ojf  air  is  drawn  in  through  the 
grating  D  by  the  rapid  rotation  of  the  scutching  cylinder,  which 
10  an  essential  feature  in  this  operation,  in  carrying  awuy  the  refuse 
and  dnst,  and  producing  a  gentle  pressure  of  the  flax  against  the 
projecting  beaters  upon  the  cylinder.  The  bottom  of  the  casing  of 
the  acatcbing  nuichine  is  open,  and  communicates  with  a  flue  or 
eaheri,  tbrough  which  the  refose  and  dust  are  carried  away  by  the 
current  of  air. 

The  next  process  is  to  heckle  the  flax,  and  Fig.  4,  Plate  18,  shows 

an  end  eleration  of  the  Heckling  Machine.     The  flax  is  divided  into 

small  stricks,  and  each  is  held  between  a  pair  of  clamps  A  called 

holdera,  made  sometimes  of  hard  wood  but  latterly  of  steel.     These 

are  cloaed  firmly  together  by  a  bolt,  as  seen  in  Fig.  5,  Plate  19,  and 

are  lined  with  either  felt  or  india-rubber  to  form  a  cushion  for  the 

fibre  to  bed  upon.     The  heckling  machines  vary  in  length,  having 

umetimes  four,  six,  or  eight  holders  in  a  row  ;  and  the  heckles  BB 

Ittre  oqpresponding  degrees  of  fineness,  according  to  the  amount 

of  heckling  that  the  flax  will  bear,  the  stricks  of  flax  being  submitted 

fint  to  the  action  of  the  coarsest  heckles,  and  then  to  the  finer 

becklea  in  succession.     The  holders  A  are  carried  in  a  trough  C, 

wbich  extends  the  entire  length  of  the  machine,  and  also  projects 

>onie  distance  at  each  end,  so  as  to  afford  room  for  feeding  in  at  one 

€nd  the  newly  charged  holders  and  removing  from  the  other  end 

tlu»e  containing  the  heckled  fllax.     The  trough  G  receives  a  vertical 

^"wtion  from  two  cams  D,  shown  by  the  dotted  lines,  mounted  on  the 

*J**ft  E  below,  the  weight  of  the  trough  being  balanced  by  the 

s 
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weighted  lever  F.  The  forpi  of  the  cams  D  is  so  arranged  as  to  biing 
the  pendent  end  of  the  flax  gradually  under  the  operation  of  the 
heckles,  and  also  to  allow  a  slight  pause  when  the  trough  has 
descended  to  its  lowest  point,  as  shown  in  Figs.  4  and  5,  so  that  the 
heckles  may  comb  out  the  fibres  straight,  ai^d  effectually  clear  out 
the  tow.  The  trough  C  then  rises  again  gradually  ;  and  when  it  has 
reached  its  highest  position,  as  shown  dotted  in  Fig.  4,  the  row  of 
holders  A  are  pushed  forwards  along  it,  by  a  series  of  pauls  mounted 
upon  a  bar  extending  the  entire  length  of  the  trough  and  acted  upon 
by  the  lever  Q  and  cam  H.  Each  strick  of  flax  is  thus  carried  along 
to  the  next  gradation  of  heckles,  and  the  trough  G  then  again 
descends  as  before.  The  set  screw  I,  Fig.  4,  is  for  the  purpose  of 
adjusting  the  height  of  the  trough  A,  so  as  to  allow  the  holders  to 
come  down  as  near  as  possible  to  the  bite  of  the  heckles. 

Fig.  5,  Plate  19,  represents  an  enlarged  transverse  section  through 
the  middle  of  the  heckling  machine.  The  sheets  of  heckles  BB  are 
made  of  leather  straps  passing  round  the  small  pulleys  J  J  at  top, 
and  round  the  larger  driving  pulleys  KK  below,  travelling  at  the 
rate  of  about  800  feet  per  minute  in  the  direction  indicated  by  the 
arrows.  The  heckle  bars  LL  are  of  wood,  attached  by  only  one 
edge  to  the  straps  B,  so  that  when  they  have  passed  over  the  top 
pulleys  J  J  the  heckle  pins  may  strike  into  the  pendent  flax  as  nearly 
at  right  angles  as  possible,  as  seen  at  the  top  of  Fig.  5.  The  heckles 
then  descend  in  a  vertical  line  until  they  reach  the  lower  pulleys  KK. 
These  pulleys  are  grooved  radially,  and  small  slides  carrying 
small  iron  rods  MM  are  thrown  out  by  the  centrifugal  force  just 
below  the  centre  of  the  pulleys.  The  rods  M  are  for  the  purpose  of 
stripping  off  any  tow  or  short  fibres  of  flax  which  may  have 
remained  between  the  heckle  pins  after  they  have  passed  through 
the  flax ;  and  as  the  pulleys  K  revolve,  the  rods  M  are  pushed  back 
into  their  former  position  by  sliding  against  the  guides  N,  until  they 
reach  the  upper  side  of  the  pulleys,  when  their  weight  overoomes 
the  centriftigal  force;  and  they  remain  drawn  back  until  again 
thrown  out  below  the  centre  to  strip  the  tow  off  the  heckle  pins. 
There  are  also  a  series  of  iron  teeth  00  attached  to  the  inside  of 
the  leather  straps  B,  which  ^act  as  drivers  to  the  straps,  and  keep  the 
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hedde  bars  L  always  in  proper  horizontal  position,  by  ensuring 
bet}!  the  straps  B  being  driven  always  at  the  same  rate  and  withont 
any  diance  of  slipping ;  these  teeth  are  driven  by  the  teeth  of  the 
dmmg  pnOeys  KK,  and  the  small  pnlleyB  JJ  at  top  are  also  notched 
to  receive  them,  the  innrar  fiuses  of  the  teeth  O  being  ronnded  off  to 
^  proper  cnrve  for  forming  part  of  the  circle  of  the  upper 
poDeyg  J  J  in  passing  over  them. 

The  main  difficnliy  to  be  encountered  in  the  heckling  process 
has  always  been  to  obviate  the  large  amount  of  waste  that  is  made 
in  the  operation;  and  though  heckHng  machines  have  been 
oonstmcted  in  great  variety,  the  same  drawback  of  excessive  waste 
has  attended  each,  the  proportion  of  the  "  dressed  line,"  or  finished 
flax  after  the  heckling,  being  as  small  as  only  40  per  cent,  of  the  flax 
pat  into  the  machine  in  the  lower  qualities  of  flax,  but  ranging  in 
the  hetter  qualities  from  60  to  75  per  cent.  Heckling  machines  are 
also  sometimes  made  with  double  sets  of  heckles  and  holders,  for  the 
sake  of  economy  of  construction  and  working ;  and  this  may  be  an 
advantage  in  heckling  the  beet  kinds  of  flax.  The  lower  qualities, 
snch  as  Egyptian  and  some  kinds  of  Baltic  flax,  require  the  least 
amount  of  heckling ;  whilst  the  best  kinds  of  Flemish  and  Irish  flax, 
which  are  strong  in  the  fibre,  are  capable  of  being  heckled  to  almost 
any  degree  of  fineness. 

In  the  next  operation  the  dressed  line  or  heckled  flax,  which  has 
been  obtained  thus  far  in  the  form  of  a  number  of  separate  strides 
of  irregnlar  thickness  and  quantity,  ia  spread  and  drawn  into  a 
continuous  sliver  like  a  ribbon,  by  the  combined  action  of  a  series 
of  combs  and  drawing  rollers. 

Fig.  6,  Plate  20,  is  a  longitudinal  section  of  the  Long-line 
Spreading  Frame,  so  called  because  the  distance  between  the 
nceiving  rollers  A  and  the  drawing  roUers  B  is  made  long  enough 
to  take  in  the  greatest  length  of  fibre  that  has  to  be  worked  on  the 
^'long-Hne"  system.  The  stricks  of  heckled  flax  are  laid  down 
vpon  the  endless  travelling  feed  sheet  G,  which  carries  the  flax 
forwarda  to  the  receiving  rollers  A ;  and  between  these  it  passes  on 
to  the  inclined  bed  of  heckles  or  gUls  D,  and  then  between  the 


112  FLAX   MACHINERY. 

drawing  rollers  -B,  tlirongli  the  doubling  plate  E,  and  between  the 
delivery  rollers  F,  which  deliver  the  continuous  sliver  into  the  can  G 
ready  to  be  removed  to  the  next  process,  the  conrse  of  the  flax 
through  the  machine  being  indicated  by  the  arrows. 

The  heckle  bars  or  gills  D  are  supported  at  each  end  upon  the 
slides  H,  as  shown  enlarged  in  Figs.  7  and  9,  Plates  21  and  22  ;  and 
they  are  traversed  forwards  towards  the  drawing  rollers  B  by  means 
of  the  upper  pair  of  screws  II  revolving  in  one  direction,  and  back 
again  towards  the  receiving  rollers  A  by  the  lower  pair  of  screws  J  J 
revolving  in  the  contrary  direction,  each  end  of  the  heckle  bar 
being  inserted  into  a  deep-cut  groove  in  the  screws  I  or  J.  This 
construction  of  machine  is  accordingly  known  as  the  "  screw-gill " 
arrangement ;  and  previous  to  its  invention  chains  and  other 
methods  of  propelling  the  heckle  bars  were  employed.  The  heckle 
bars  are  carried  forwards  by  the  upper  screws  II  till  they  arrive 
close  to  the  lower  drawing  roller  B,  Fig.  7,  when  each  bar  in 
succession  drops  down  at  the  end  of  the  slides  H  into  the  groove 
of  the  lower  screws  J  J ;  these  are  made  with  a  much  longer  pitch 
of  groove  than  the  upper  screws  I,  partly  to  economise  the  number 
of  heckle  bars,  and  partly  to  ensure  the  bar  which  has  just  dropped 
into  the  lower  screw  being  carried  back  sufficiently  out  of  the  way, 
to  allow  the  succeeding  bar  ample  room  to  drop  in  the  same 
manner.  A  cam  K,  Fig.  9,  is  placed  at  the  termination  of  the 
groove  in  the  upper  screw  I,  so  that  if  the  heckle  bar  should  happen 
not  to  drop  by  its  own  weight  into  the  lower  screw,  the  cam  K  will 
force  it  down,  as  shown  in  Fig.  10.  The  heckle  bars  are  then  carried 
back  by  the  lower  screw  towards  the  receiving  rollers  A ;  and  on  each 
bar  arriving  close  to  the  lower  receiving  roller,  a  cam  L,  Fig.  9,  at 
the  end  of  the  lower  screw  raises  the  bar  into  the  groove  of  the  upper 
screw,  as  shown  in  Fig.  11,  when  the  heckle  pins  penetrate  the 
flax,  and  the  heckle  bar  begins  to  travel  forwards  again  towards  the 
drawing  rollers.  The  Hfbing  cams  L  are  continued  through  about 
one  third  of  the  whole  circle,  so  as  to  support  the  heckle  bar  on  a 
level  with  the  sHde  H,  until  the  screw  I  carries  it  a  short  distance 
along  the  slide,  and  thus  to  prevent  it  from  dropping  down  again  into 
the  lower  screw,  which  was  a  serious  defect  in  the  earlier  screw-gills. 
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The  Bcrew-g^ills  employed  in  the  Anther  process  of  preparing  the 
flax  for  spinning  are  precisely  the  same  in  principle  as  those  now 
described,  only  yarying  in  their  degrees  of  fineness.  The  system  of 
BGiew-gill  machinery  shown  in  the  drawings  is  called  the  "  long-line  " 
sjBtem,  becanse  by  it  the  flax  is  worked  the  natural  length  of  the 
fibre;  and  the  nxachinery  used  for  the  cut-line  and  tow  is  jnst  the 
same  in  principle,  only  shorter  and  finer  to  snit  the  length  and 
fineness  of  the  flax  or  tow  operated  upon. 

The  receiving  rollers  A,  Fig.  7,  travel  at  a  snrface  speed  of  abont 
5  &et  per  minnte,  and  the  heckle  bars  about  5  per  cent,  faster 
80  as  to  hold  the  flax  in  a  slight  tension.  The  surface  speed 
of  the  drawing  rollers  B  is  from  15  to  30  times  greater  than  the 
speed  of  the  heckles,  or  from  70  to  140  feet  per  minute ;  consequently 
the  fibres  are  combed  or  drawn  between  the  pins,  and  the  length 
of  flHTer  delivered  into  the  can  G  is  elongated  to  about  15  to  30  times 
the  length  taken  in  by  the  receiving  rollers  A.  One  object  of 
this  operation  is  to  lay  the  fibres  parallel  to  one  another,  and 
also  to  prevent  the  long  fibres  from  carrying  the  short  fibres  along 
with  them  and  thus  making  an  uneven  sliver,  which  must  produce 
uneven  yam.  The  upper  of  the  drawing  roUers  B  is  made  of  wood, 
and  is  heavily  pressed  down  by  the  links,  levers,  and  weights  M. 

The  fiax  is  delivered  from  the  drawing  rollers  B  in  a  continuous 
sliver  of  ribbon-like  form,  from  4  to  5  inches  wide,  and  four  of  such 
fiiivers  are  drawn  by  the  machine,  as  shovni  in  Figs.  8  and  9, 
Plate  22  ;  these  are  then  passed  through  the  doubling  plate  E,  and 
an  fimr  are  rolled  together  into  a  single  sliver  of  the  same  width  by 
paBsing  through  the  single  pair  of  delivery  rollers  F.  The  doubling 
pkte  £,  shown  in  plan  in  Fig.  8,  has  openings  opposite  each  pair  of 
drawing  rollers  at  an  angle  of  45%  through  which  the  slivers  are 
passed,  whereby  they  are  caused  to  travel  first  at  right  angles  to  the 
line  of  delivery  from  the  drawing  rollers,  and  are  afterwards  turned 
again  into  the  same  direction  towards  the  delivery  rollers  F,  which 
deliver  the  final  single  sliver  into  the  can  O,  Fig.  6. 

The  next  operation  is  to  re-draw  and  double  again  the  sliver 
delivered  from  the  long-line  spreading  frame ;  and  Fig.  12,  Plate  23, 
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shows  the  second  Long-Line  Drawing  Frame.  A  number  of  cans  0, 
generally  eight,  containing  the  slivers  deliyered  from  the  spreading 
frame,  are  placed  behind  this  drawing  frame,  whence  the  sliyer  passes 
over  a  high  condnctor  N,  in  order  to  allow  a  considerable  length  to 
hang  pendent  and  thns  straighten  ont  the  creases  made  b j  pressing 
it  down  in  the  can  G.  The  sHver  then  passes  to  the  receiving 
rollers  A,  which  are  three  in  number,  the  object  being  to  hold  the 
sliver  firmly  and  not  allow  the  gUls  or  heckles  D  to  draw  it  beyond 
the  snrface  speed  of  the  rollers,  which  is  abont  6  feet  per  minnte. 
The  frirther  operation  of  this  machine  is  precisely  the  same  as  that 
of  the  spreading  frame,  the  eight  slivers  being  combed  and  drawn  by 
the  gills  D  and  drawing  rollers  B,  and  then  donbled  by  passing 
through  the  doubling  plate  E,  and  rolled  into  a  single  sliver  by  the 
delivery  rollers  E.  The  gills  D  however  are  finer  and  the  rollers 
smaller  than  in  the  spreading  frame.  The  speed  of  the  gills  is  aboat 
6|  feet  per  minute,  and  the  sur&ce  speed  of  the  drawing  rollers  B 
and  delivery  roUers  F  about  130  feet  per  minute ;  and  the  length  of 
the  sliver  delivered  by  the  rollers  F  is  consequently  elongated  to 
about  20  times  the  length  taken  in  by  the  receiving  rollers  A. 

The  slivers  fr^m  this  machine  are  then  taken  to  a  third  drawing 
frame,  of  precisely  the  same  construction,  but  with  still  finer  gills 
and  smaller  rollers  ;  by  this  means  the  sHver  is  further  elongated 
about  15  times,  the  object  being  to  reduce  it  in  width  and  thickness. 
From  this  third  drawing  frame  the  slivers  are  then  taken  to  the 
roving  frame. 

Figs.  13  to  16,  Plates  24,  25,  and  26,  represent  what  is  known 
as  the  Screw-GKU  Regulating  Boving  Frame,  in  which  the  delicate 
sliver  of  flax  that  has  been  produced  by  the  previous  processes  is 
still  further  combed  and  drawn  by  gills  and  drawing  rollers,  and  is 
then  twisted  into  a.  roving  and  wound  upon  a  bobbin. 

This  machine  as  a  whole  is  perhaps  the  most  complicated  one 
used  in  spinning  any  kind  of  material,  and  has  taken  many  years  to 
bring  it  to  the  present  state  of  perfection.  The  lower  or  regulating 
portion  of  the  frame,  by  which  the  speed  of  winding  the  roving  upon 
the  bobbin  is  regulated  according  to  the  g^radually   increasing 
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diameter  of  the  bobbin,  is  similar  to  that  used  in  the  cotton 
numnfiictiire,  where  this  system  of  machine  was  first  introdnced  ; 
bat  when  so  mnch  of  the  machine  as  is  used  in  the  cotton  manttfactnre 
is  added  to  the  screw-gill  machinery,  the  two  make  what  may  be 
considered  the  most  ingemons  and  perfect  machine  nsed  in  textile 
maim&ctiire,  and  great  ingenuity  has  been  applied  to  overcome  the 
numerous  obstacles  met  with  in  perfecting  this  machine.  The  screw- 
gill  part  A,  Figs.  13  and  14,  is  precisely  the  same  as  in  the  drawing 
frame  last  mentioned,  only  so  mnch  finer ;  for  here  the  sliver  is 
reduced  to  the  smallest  size  previous  to  receiving  the  twist  which 
changes  it  into  a  roving.  The  speed  of  the  gills  is  about  6  feet  per 
minate,  and  the  surfisbce  speed  of  the  drawing  rollers  B  about  90  feet 
per  minute,  whereby  the  sHver  is  finally  elongated  about  15  times. 

The  special  part  of  the  roving  frame,  independent  of  the  screw- 
giBs  and  drawing  rollers,  is  the  regulating  portion,  situated  in  the 
lower  port  of  the  machine,  which  takes  up  the  sliver  as  delivered  by 
the  drawing  rollers,  and  after  putting  in  the  twist  winds  it  upon  a 
hobfain  with  a  uniform  but  slight  tension,  not  sufficient  to  elongate 
the  delicate  roving ;  and  as  each  successive  coil  presents  a  larger 
diameter  than  the  preceding,  the  speed  of  the  bobbin  has  to  be 
regolated  or  gradually  increased  for  winding  the  roving,  which  is 
delivered  at  a  uniform  rate  from  the  drawing  rollers. 

The  bobbin  spindles  C  C,  Figs.  13  and  14,  carrying  the  fliers  D  D, 
ue  driven  at  a  uniform  speed  from  the  driving  puUey  upon  the 
end  of  the  main  longitudinal  driving  shaft  E,  through  a  train  of 
Bpor  wheels  driving  the  skew-bevil  wheels  at  the  bottom  of  the 
spmdles  G.  The  screw-gills  A  and  drawing  rollers  B  are  also  driven 
at  a  uniform  speed  by  means  of  a  change  pinion  on  the  end  of  the 
driiring  shaft  E,  through  the  intermediate  wheel  F  working  into  the 
wheel  G  on  the  end  of  the  top  cone  shaft  H.  The  lower  cone  K, 
Figs.  15  and  16,  receives  its  motion  from  the  upper  cone  H  through 
a  strap  L,  which  is  made  to  travel  longitudinally  along  the  cones  by 
means  of  a  chain  M  passing  over  a  pulley,  with  a  weight  hung  at  the 
end  sufficient  to  draw  the  strap  guide  along  two  slide  rods  that 
extend  the  length  of  the  cones  or  about  2i  feet.  The  speed  of  the 
lower  cone  is  thus  varied  according  to  the  diameters  of  the  cones  at 
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the  point  where  the  strap  may  be  working.  The  advance  of  the  strap 
guide  is  governed  bj  an  escapement  motion  acted  npon  at  each 
vertical  reciprocation  of  the  bobbin  lifter  N.  The  bobbins  O  O  nm 
loose  npon  the  bobbin  spindles  C,  and  are  themselves  driven  in  the 
same  direction  as  the  spindles  C  through  the  intervention  of  the 
regulating  gearing  and  the  skew-bevil  wheels  carried  by  the  bobbin 
lifter  N. 

Upon  the  driving  shaft  E  is  keyed  a  mitre  wheel  I,  Fig.  16, 
which  drives  two  mitre  wheels  mounted  in  the  disc  of  the  spur 
wheel  P ;  and  these  again  drive  another  mitre  wheel  J  running 
loose  upon  the  driving  shaft  E.  A  spur  wheel  R  upon  the  boss  of 
the  last  mitre  wheel  J  drives  the  train  of  spar  wheels  indicated  hy 
the  dotted  lines  in  Fig.  15 ;  these  are  mounted  on  the  jointed 
rocking  ftume  S,  Fig.  14,  and  communicate  motion  to  the  longitudinal 
shafts  in  the  bobbin  lifter  N,  which  carry  the  skew-bevil  wheels  that 
gear  into  the  bobbin  pinions.  The  bobbins  00  are  thus  caused  to 
revolve  in  the  same  direction  as  their  spindles  C,  but  at  a  somewhat 
slower  speed.  If  the  disc  wheel  P  were  not  allowed  to  rotate  at  all, 
the  bobbins  0  would  be  driven  like  their  spindles  at  one  uniform 
speed  ;  and  if  the  disc  wheel  P  were  driven  at  the  same  speed  as  the 
driving  shaft  E,  no  motion  whatever  would  be  communicated  to  the 
train  of  wheels  which  drives  the  bobbins  O :  therefore  by  regulating 
the  motion  of  this  wheel  P  any  required  speed  can  be  communicated 
to  the  bobbins.  A  pinion  on  the  shaft  of  the  lower  cone  K  gears 
into  a  train  of  spur  wheels  and  pinions,  so  as  considerably  to  reduce 
the  speed  at  the  pinion  T  which  gears  into  the  disc  wheel  P,  thereby 
governing  this  wheel  in  accordance  with  the  speed  imparted  to  the 
lower  cone.  The  rotation  of  the  mitre  wheel  I  keyed  upon  the 
driving  shaft  has  a  tendency  to  drive  the  disc  wheel  P  at  a 
considerable  speed,  so  that  the  lower  cone  K  is  required  to  retard 
instead  of  actually  driving  it. 

WTien  the  end  of  the  roving  is  threaded  through  the  flier  D  and 
then  attached  to  the  bobbin  shank  O,  Fig.  14,  the  flier  being 
fixed  upon  the  spindle  G  will  first  put  the  twist  into  the  roving^ 
according  to  the  number  of  revolutions,  generally  from  IJ  to  2, 
which   the   spindle   makes    for   each   inch   of  sliver  delivered  by 
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the  drawing  rollers  B.      Then  the  speed  of  the  bobbin  must  be 
80  mnch  slower  than  that  of  the  flier  as  to  enable  the  flier  by  its 
greater  speed  to  coil  npon  the  bobbin  the  length  of  roving  delivered 
bj  the  drawing  rollers.    When  one  coil  of  roving  has  been  laid 
npon  the  shank  of  the  bobbin,  its  diameter  is  increased  bj  double 
the  thickness  of  the  roving ;  and  therefore  before  the  next  coil  is 
woond  on,  the  speed  of  the  bobbin  mnst  be  increased  in  proportion 
to  the  increased  diameter.     This  is  effected  by  each  ascending  and 
descending  motion  of  the  bobbin  lifter  N  releasing  a  panl,  which 
aDowB  the  strap  L  to  be  drawn  along  the  cones  H  and  K  to  a 
different  diameter,  and  thereby  varies  the  speed  of  the  pinion  T 
gearing  into  the  spur  wheel  P.     By  this  means  the  roving  is  wound 
npon  the  bobbin  with  an  equal  amount  of  tension  and  consequently 
a  uufbrm  thickness  throughout  the  entire  length  wound.     The 
different    thicknesses    of  the  roving,   and  consequently    varying 
diameter  of  the  bobbin  when  the  coil  is  made  with  a  thicker  or 
thinner  roving,  are  allowed  for  by  the  fineness   of  the  teeth  in  the 
ratchet  wheel  of  tbe  escapement  apparatus.     The  bobbin  lifter  N 
is  coonterhalanced  by  the  weight  U,  Fig.  14,  and  the  vertical  recipro- 
cating motion  is  given  to  it  by  means  of  a  mangle  wheel  with 
pinion  and  rack  V,  driven  from  the  lower  cone  K,  so  as  to  impart  a 
gradually  decreasing  speed  to  the  reciprocating  motion  of  the  bobbin 
lifter  in  accordance  with  the  increasing  diameter  of  the  bobbin  as 
the  roving  is  wound  upon  it.     These  variations  in  speed  can  be  so 
iiioely  adjusted  that  the  bobbin  will  take  up  the  whole  length  of 
theroviag  wound  upon  it,  amounting  to  several  hundred  yards, 
vrithout  any  perceptible  difference  in  tension  between  the  first  coil 
uid  the  last. 

Figs.  17  and  18,  Plates  27  and  28,  represent  a  section  of  a  Tow 
Carding  Machine.  The  tow  frequently  contains  a  considerable 
quantity  of  dirt  and  boom  that  has  been  left  in  the  flax  by  the 
icntching  machine.  This  is  principally  removed  irom  the  dressed 
line  in  the  heckling  process,  but  is  thrown  down  with  the  tow  or 
Bborter  fibres  of  flax  which  are  combed  out  by  the  heckles.  The 
tow  carding  machine  is  intended  to  separate  the  dirt  and  boom 
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from  the  tow,  and  deliver  Hhe  fibre  in  an  even  sliver  ready  for 
the  drawing  frame. 

The  large  carding  cjlinder  A,  Figs.  17  and  18,  is  2  ft.  7|  ins. 
diameter,  and  is  made  of  cast  iron  and  covered  with  beech  lagging 
set  with  finely  ground  and  hardened  steel  teethe  The  tow  is  laid 
upon  an  endless  feed  sheet  B,  which  carries  it  forward  to  the  feed 
roller  0.  Under  the  feed  roller  is  a  cast  iron  shell,  the  npper  edge 
of  which  is  carried  up  into  the  angle  formed  by  the  carding 
cylinder  and  the  feed  roller ;  and  as  the  tow  is  slowly  carried  forwards 
by  the  feed  roller  at  a  rate  of  about  2  feet  per  minute,  it  is  canglit 
by  the  teeth  of  the  carding  cylinder  A,  which  runs  at  about 
300  revolutions  per  minute  or  2500  feet  per  minute  speed  of 
circumference.  The  teeth  of  the  cylinder  A  throw  the  tow  against 
the  worker  D,  which  is  a  slowly  revolving  roller,  running  at  a  sur&ce 
speed  of  only  about  100  feet  per  minute,  and  covered  with  needle- 
pointed  teeth  set  in  strong  leather.  The  teeth  have  a  keen  bend,  as 
shown  enlarged  in  Fig.  18,  and  carry  the  tow  round  towards  the  iron 
bar  E,  the  upper  edge  of  which  is  polished.  The  tow  is  then  canght 
by  the  stripper  F,  which  is  clothed  in  a  similar  manner  to  the 
carditig  cylinder  A,  and  runs  much  quicker  than  the  worker  D  bat 
slower  than  the  cylinder  A,  having  a  sur&ce  speed  of  about  1500  feet 
per  minute.  The  teeth  of  the  carding  cylinder  then  strip  the 
tow  from  the  teeth  of  the  stripper  F,  and  carry  it  forwards  to  a 
second  pair  of  workers  and  strippers  of  exactly  similar  construction 
to  the  first,  where  the  same  operation  is  repeated  for  further 
cleansing  and  combing  the  tow. 

The  carding  cylinder  next  carries  the  tow  forwards  to  the  doffer  Q, 
which  is  clothed  with  finely  ground  wire  teeth  set  in  leather,  and 
moves  very  slowly  at  a  surface  speed  of  only  150  feet  per  minute. 
The  tow  is  combed  off  the  doffer  by  a  comb  I,  Fig.  18,  carried  upon 
an  oscillating  arm  worked  by  the  crank  shaft  J,  and  it  passes 
forwards  to  the  feed  roller  H  provided  with  an  edge-plate  or  shell 
similar  to  the  first  feed  roller  C,  and  running  at  the  same  sur&ce 
speed  as  the  doffer  G,  feeding  the  tow  again  on  to  the  carding 
cylinder  A.  As  the  speed  of  the  carding  cylinder  is  so  very  much 
greater  than  that  of  the  doffer  and  feed  roller,  a  further  combing 
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action  takes  place  upon  the  tow,  by  the  teeth  of  the  carding  cylinder 
combing  out  the  fibres,  which  are  pardallj  held  between  the  teeth 
of  the  Blow  moving  doffer  and  of  the  feed  roller.  The  carding 
cylinder  then  carries  the  tow  forwards  to  the  second  and  third 
doffen  K  and  L,  where  the  final  combing  of  the  fibre  takes  place ; 
and  fiom  these  dofiTers  the  tow  is  combed  off  as  before  bj  the 
oombfi  II,  where  it  is  divided  into  three  shyers,  and  passed  forwards 
to  the  two  pairs  of  rollers  M  and  N,  in  connection  with  which  is 
ft  doubling  plate  provided  with  angular  openings,  as  previonslj 
described  in  the  spreading  frame.  The  last  pair  of  rollers  NN 
deliver  the  slivers  of  tow  into  cans  ready  to  be  taken  away  to  the 
dnwing  and  roving  frames.  It  is  nsoal  to  place  a  gill  drawing 
^paratns  in  connection  with  the  carding  machine,  so  as  to 
perform  the  first  drawing  operation  at  the  same  time,  immediately 
upon  the  slivers  of  tow  being  delivered  from  the  last  pair  of 
roQers  NN;  and  this  arrangement  has  been  adopted  as  an 
improyement. 

The  action  of  the  teeth  npon  the  tow  in  the  carding  machine 
ought  to  be  of  a  combing  character,  and  in  order  to  get  this  action 
the  tow  requires  to  be  held  np  to  the  points  of  the  teeth,  which  is 
effected  in  the  improved  carding  machine  shown  in  the  drawings  by 
means  of  the  edge-plates  E  E,  Figs.  17  and  18,  inserted  between  the 
workers  and  strippers.  The  tow  accnmnlates  npon  the  worker  D 
with  its  keen  bent  teeth,  and  is  taken  off  by  the  stripper  F ;  bnt  the 
edge-plate  E  binds  the  tow  into  the  angle  between  the  two  rollers 
and  holds  it  np  to  the  teeth  of  the  stripper,  thereby  cansing  an 
amoont  of  friction  in  the  passage  of  the  tow,  and  enabling  the 
Btripper  by  its  qnicker  motion  to  comb  ont  the  fibres.  In  the 
ordinary  carding  machines,  withont  these  edge-plates  between  the 
workers  and  strippers,  the  tow  is  plncked  in  patches  from  the 
worker  by  the  stripper,  sometimes  in  snch  quantities  as  to  roll  np 
the  tow,  and  in  this  state  it  is  carried  back  to  the  carding  cylinder, 
thus  breaking  the  fibre  and  Tnfl.TriTig  nneven  work.  Carding 
machinee  have  for  a  long  time  been  made  with  cylinders  as  mnch 
M  5  feet  diameter,  and  a  considerable  nnmber  of  pairs  of  workers 
sod  strippers,  say  from  six  to  eight  or  even  nine  pairs ;  bnt  in  these 
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the  work  produced  is  in  no  way  superior,  and  a  much  larger  amount 
of  waste  is  made  and  more  power  used.  Wooden  guards  PP, 
Fig.  17,  are  fixed  in  different  positions  round  the  circumference  of 
the  carding  cylinder,  for  the  purpose  of  directing  the  currents  of 
air  caused  by  the  rotation  of  the  cylinder  so  as  to  disturb  the  tow 
as  little  as  possible  in  its  passage  between  the  points  of  the  teeth  of 
the  several  rollers  running  in  contact  with  the  carding  cylinder,  in 
order  thereby  to  avoid  waste  and  imperfect  work.  The  teeth  of  the 
doffers  G,  K^  and  L,  are  kept  clean  by  the  brushes  BB  driven  in 
the  opposite  direction. 

The  after  processes  of  drawing  and  roving  the  tow  sliven  as 
delivered  from  the  carding  machine  are  precisely  similar  to  those  in 
the  long-line  preparation  already  described,  the  drawing  and  roving 
frames  for  the  tow  being  adapted  to  the  shorter  fibre  to  be  worked* 
Several  kinds  of  gills  have  been  introduced  for  preparing  tow,  bat 
none  have  proved  an  improvement  upon  the  screw-g^  which  ia 
now  almost  universally  used  in  flax  machinery.  The  process  of 
combing  tow  by  a  combing  machine,  after  carding  it,  is  carried 
on  by  two  or  three  eminent  spinners,  but  the  cost  is  out  of  all 
proportion  to  the  quality  of  yam  produced ;  and  the  tow  thus 
prepared  is  only  used  for  making  sewing  thread,  to  which  it  has 
been  successfully  adapted. 

The  last  process  in  the  manufacture  of  yam  is  the  spinning ; 
and  in  Fig.  19,  Plate  29,  is  shown  a  transverse  section  of  rather 
more  than  one  half  of  a  wet  Spinning  Frame. 

The  cylinder  A  drives  the  spindles  B,  which  cany  the  fliers 
for  spinning  the  yam,  at  a  uniform  speed  of  from  2000  to 
4000  revolutions  per  minute,  the  speed  being  adjusted  according  to 
the  weight  and  quality  of  yam  produced.  G  are  the  receiving 
rollers,  and  D  the  drawing  rollers,  which  are  called  the  back  and 
front  pair  of  rollers  respectively;  and  the  difference  of  speed  is 
usually  from  8  to  10  times,  thus  drawing  out  the  roving  to  about 
one  tenth  of  its  size.  The  upper  roller  of  each  pair  is  pressed  against 
the  lower  by  the  saddle  and  weighted  lever  E.  The  hot  water 
trough  F  through  which  the  roving  passes  is  placed  with  its  edge  as 
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near  as  practicable  to  the  bite  of  the  receiying  rollers  G.  The 
bobfams  G  from  which  the  roying  is  supplied  are  placed  above,  and 
the  roving  is  held  down  in  the  water  bj  strips  of  wood  II  faced  with 
sheet  brass.  A  splashboard  H  is  fixed  in  front  of  the  spinning 
frame,  to  prevent  the  spraj  from  the  wet  yarn  being  thrown  npon 
the  attendants. 

The  bwer  of  the  two  drawing  rollers  D  is  driven  bj  a  train 
of  wheels  from  the  main  driving  shaft  A  at  a  nniform  speed  of 
from  100  to  200  feet  per  minute  of  the  circumference,  so  that  the 
fiien  make  from  20  to  40  revolutions  for  each  foot  of  yam  delivered 
hj  the  drawing  rollers ;  and  this  additional  amount  of  twist  put 
into  the  wet  sliver  converts  the  delicate  roving  into  a  strong  jam. 
The  yam  bobbin  is  loose  upou'the  spindle  B  ;  and  as  the  length  of 
jam  given  out  hj  the  drawing  rollers  is  very  much  less  than  the 
length  which  the  flier  would  wind  upon  the  bobbin  if  the  latter 
were  stationary,  the  bobbin  is  simply  dragged  round  by  the  flier  in 
the  nme  direction  as  the  spindle  B,  without  requiring  any 
regulating  gearing  for  driving  the  bobbin  as  in  the  case  of  the 
roving  frame,  since  the  yam  is  too  strong  to  be  elongated  or  injured 
by  the  tension  necessazy  to  drag  the  bobbin  round.  In  order  to 
keep  sufficient  tension  upon  the  yam  whilst  winding  upon  the 
bobbin,  so  as  to  prevent  '*  snarls  "  in  the  thread,  a  cord  is  pressed 
against  a  groove  in  the  bottom  flange  of  the  bobbin,  the  friction  of 
which  retards  the  bobbin  and  produces  the  required  tension  upon 
the  yam :  one  end  of  this  cord  is  fastened  to  the  inner  edge  of  the 
bobbin  lifter  J»  and  the  other  end  hangs  pendent  with  a  weight 
tiinmgh  a  notch  in  the  outer  edge  of  the  bobbin  lifter,  which  is 
notched  along  its  entire  length ;  thus  the  amount  of  friction  upon 
the  bobbin  can  be  varied  as  desired  by  shifting  the  cord  into  a 
Cerent  notch,  thereby  varying  the  length  of  the  arc  of  contact  of 
the  cord  with  the  bobbin  flange.  The  bobbin  lifter  J  is  raised  and 
lowered  at  a  uniform  rate  by  the  lever  K  worked  by  the  cam  L, 
which  is  driven  from  the  main  driving  shaft  A. 

The  important  point  in  a  spinning  frame  is  to  have  good  rollers. 
The  receiving  rollers  0  and  the  lower  of  the  drawing  rollers  D  are 
made  of  hard  brass,  and  all  three  are  very  carefully  fluted  longitu- 
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dinallj  with  flutes  that  have  a  round  top  and  bottom,  so  that  the 
roving  as  it  passes  through  the  receiving  rollers  maj  not  be 
unevenly  crushed,  which  would  cause  the  fibre  to  break  down  in 
the  drawing  process.  The  drawing  rollers  D  have  the  upper  or 
pressing  roller  made  of  soft  material,  usually  boxwood,  bat  the 
warm  water  used  in  the  process  is  very  destructive  to  the  wood ; 
gutta-percha  also  has  long  been  tried,  but  if  not  well  purified  from 
sand  or  earthy  matter  it  is  apt  to  wear  away  the  brass  roller. 

Scarcely  any  improvement  has  been  made  in  the  spinning  frames 
for  a  great  number  of  years,  and  they  are  practically  the  same  as 
employed  a  few  years  after  the  introduction  of  wet  spinning,  which 
so  completely  revolutionised  the  flax  manufacture.  The  heat  of 
the  steam  from  the  hot  water  troughs  and  its  condensation  in  the 
spinning  room  render  this  part  of  the  manufacture  anything  but 
agreeable  to  the  attendants,  especially  where  the  most  strict  sanitaiy 
rules  are  not  enforced  :  a  drawback  to  which  the  flax  manufacture 
will  most  likely  have  to  submit,  until  some  other  vegetable  fibre  that 
does  not  require  wet  spinning  can  be  found  to  take  its  place. 


The  Pbesidekt  remarked  that  they  were  greatly  indebted  to 
Mr.  Gfreenwood  for  his  very  interesting  paper  just  read,  which 
had  been  kindly  prepared  by  him  for  the  present  meeting  of  the 
Institution  in  Dublin,  in  compliance  with  the  special  request  of  the 
Coui^cil,  as  the  subject  was  one  of  particular  interest  and  importance 
in  Ireland. 

Mr.  Greenwood  exhibited  in  action  one  of  the  screw-gill  machines 
of  the  make  employed  for  drawing  silk,  in  order  to  show  the 
construction  and  working  of  the  screw-gill ;  and  he  explained  that 
the  machine  employed  in  the  case  of  flax  was  exactly  similar  in 
construction,  only  larger  and  coarser  in  the  pitch  of  the  gills  and 
combs,  and  the  silk-drawing  machine  now  exhibited  was  without 
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the  angular  doubling  plate  by  wbicb  the  several  slivers  of  flax  were 
directed  into  the  same  line  and  passed  together  through  the  delivery 
rollers  so  as  to  be  rolled  into  a  single  sliver. 

The  PsESiDENT  enquired  what  was  the  cost  of  a  flax  mill  fitted 
up  with  a  complete  set  of  the  machinery  described  in  the  paper,  in 
comparison  with  the  cost  of  mills  for  spinning  cotton. 

Mr.  Greenwood  replied  that  the  cost  of  the  mill  was  generally 

reckoned  at  so  much  per  spindle  of  the  spinning  frame  ;  and  about 

twenty  spindles  were  required  in  the  spinning  frame  to  absorb  the 

work  of  one  of  the  spindles  in  the  long-line  roving  frume ;  and 

one  spreading  and  two  drawing  frames  were  required  to  feed  one 

roving  frame  of  fifty  spindles.     Including  the  whole  cost  for  the  set 

of  machinery,  steam  engine,  shafting,  and  building,  a  flax  mill  might 

be  put  up  for  about  £4:  per  spindle  of  the  spinning  frume.     The 

spmning  frames  themselves  were  worth  from  168,  to  25«.  per  spindle, 

according  to  the  degree  of  fineness  of  the  yam  to  be  spun,  some 

being  made  with  only  2  inches  pitch  from  centre  to  centre  of  the 

successive  spindles,  and  others  as  much  as  4  or  5  inches  pitch.     A 

cotton  spinning  mill  was   very   much  cheaper  than   a  flax  mill 

per  spindle  of  the  spinning  frames,  but  he  could  not  state  the 

difference  of  cost.     The  weight  of  thread  produced  per  spindle  was 

however  much  greater  with  flax  than  with  cotton,  and  the  material 

itBelf  was  also  more  valuable. 

Kr.  W.  BiGHABDSON  Said  that  the  cost  of  machinery  for  spinning 
cotton  varied  according  to  the  counts  of  yam  to  be  spun«  For 
medium  numbers,  say  from  30  to  40  hanks  to  the  pound,  a  large 
raiQ  had  been  built  and  fitted  with  machinery  during  the  crisis 
caved  by  the  American  war  for  a  total  cost  of  14  shillings  per 
mole  spindle. 

The  Prisidemt  enquired  where  the  Cl|pa  grass  was  grown  fr^m 
which  the  sliver  that  was  exhibited  had  been  produced,  and  what 
sort  of  pbuit  it  wafl. 

Mr.  Qbeenwood  replied  that  the  China  grass  was  simply  a  rank 
weed  or  nettle,  similar  to  the  common  nettle  of  this  country,  but 
frrowing  to  ten  times  the  size,  and  indigenous  to  China,  Java,  the 
I       East  Indies,  and  some  other  countries.     The  interior  of  the  plant 


124)  FLAX  MACHINERY. 

contained  the  fibre,  and  the  ontside  rind  and  green  matter  had  to  be 
removed.  It  was  produced  in  the  largest  quantities  in  China,  where 
it  was  woven  from  the  split  fibre  without  being  spun.  It  was  also 
used  for  ships'  cordage,  of  which  some  very  good  samples  had  been 
seen  in  this  country  in  the  Chinese  junk  that  lay  in  the  river 
at  London  some  years  ago.  If  there  were  a  regular  basineas 
demand  for  China  grass  it  could  be  supplied  from  Java  at  £35  per 
ton  in  London  or  Liverpool,  and  he  had  no  doubt  that  in  a  few 
years'  time  it  would  hold  a  very  important  place  among  textile 
fabrics.  He  showed  the  process  of  drawing  the  fibre  into  slivers 
in  the  machine  exhibited  from  the  partially  prepared  state  in  which 
the  material  was  supplied  to  the  market;  and  stated  that  in  the 
form  of  sliver  it  was  sold  to  the  worsted  and  silk  manufacturers, 
for  mixing  with  those  materials,  and  could  be  spun  quite  well  by 
itself  without  any  difficulty,  forming  a  most  usefrd  material  for 
dresses.  China  grass  was  also  g^own  in  Algeria,  and  he  believed 
in  the  south  of  France ;  but  it  was  of  smaller  size  in  those  cases, 
and  the  best  was  from  China  and  Java,  the  plant  requiring  a  hot 
sun  and  humid  atmosphere  for  its  frdl  growth.  The  Emperor  of 
the  French  had  offered  to  import  it  free  of  duty  into  France  for 
the  trade,  if  the  French  manu&cturers  would  use  it. 

The  President  enquired  whether  the  common  nettle  of  this 
country  had  been  tried  in  the  same  manner  as  the  China  grass,  and 
whether  it  contained  fibre  that  could  similarly  be  made  use  of. 

Mr.  Greenwood  replied  that  the  common  nettle  of  this  countiy 
also  contained  fibre  that  could  be  spun  like  the  China  grass ;  but  it 
would  be  too  dear  to  ]>e  made  use  of  practically,  because  there  was 
not  a  sufficient  supply  of  fibre  in  the  plant  to  make  it  of  anj 
commercial  value,  and  moreover  there  was  more  difficulty  in 
extracting  the  fibre  from  ^e  small  stem  of  the  common  nettle  than 
from  the  large  stem  of  the  China  grass. 

Mr.  W.  E.  Newton  thought  it  seemed  strange  that  China  grass, 
which  could  be  obtained  at  considerably  less  than  half  the  cost  of 
flax,  should  not  be  more  generally  used ;  and  he  enquired  whether 
there  were  not  some  practical  difficulties  connected  with  the  working 
of  that  plant,  which  did  not  exist  in  the  case  of  the  flax  plant.    He 
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had  heard  that  with  China  grass  there  were  some  peculiar  difficulties 

in  the  waj  of  getting  the  fibre  from  the  rough  plant.     Many 

attempts  had  been  nuwie  to  get  materials  for  spinning  from  other 

fibrous  plants,   sncli   as   the    common    nettle    and    other    plants 

growing  in  this  conntry ;  bnt  the  difficulty  had  hitherto  been  almost 

insnrmoantable  of  getting  the  yalnable  fibre  away  from  the  woody 

part  of  the  plant.     The  common  stinging  nettle  indeed,  which  was 

indigenous  to  Ireland  and  Ghreat  Britain,  contained  a  fibre  as  fine  as 

that  of  the  fiax  plant  itself,  or  perhaps  even  finer ;  but  it  would  be 

impossible  to  obtain  a  sufficient  supply  of  the  plants  from  the 

hedgerows  and  highways,  and  it  would  not  be  worth  while  to  lay 

out  land  specially  for  growing  nettles.     The  same  objection  arose  in 

the  case  of  the  manufacture  of  paper,  which  might  be  made  out  of 

almost  any  weeds,  but  could  not  be  produced  commercially  from 

BQch  sources,  because  it  was  not  possible  to  procure  a  sufficient  and 

regular  supply  of  the  weeds  for  this  purpose.     A  great  deal  had 

certainly  been  done  already  with  regard  to  China  grass,  and  Messrs. 

Marshall  of  Leeds  had  carried  on  an  extensive  series  of  experiments 

with  it,  and  had  succeeded  at  last  in  producing  a  pretty  good  yam  ; 

bat  there  seemed  to  be  still  some  inconveniences  and  difficulties 

remaining,  which  prevented  the  China  grass  from  being  more 

generaUy  adopted,  and  he  would  be  glad  of  some  further  explanation 

in  reference  to  this  subject. 

Mr.  Oaeekwood  said    that   about  fifteen   years   ago  Messrs. 

Marshall  endeavoured  to  bring  the  China  grass  into  use  for  yam, 

and  produced    a    considerable    quantity,    which    was  afterwards 

manufactured  into  a  kind  of  cambric  handkerchiefs.     The  prices 

at  which  the  raw  material  was  sold  were  very  irregular,  on  account 

of  there  being  no  regular  demand  for  it.      The  plant  grew  in  a  sort 

of  jungle,  and  was  cut  down  by  the  natives ;  and  by  what  process 

the  bcffk  was  stripped  off  in  the  first  instance  he  did  not  know,  but 

believed  it  was  done  by  hand  by  the  Chinese,  as  the  material  was 

very  extensively  used  in  China.     It  was  imported  into  this  country 

ra  long  stricks  of  fibre  of  a  brown  or  dark  kind  of  cream  colour,  and 

when  prepared  and  dressed  was  easily  bleached.     If  the  fibre  were 

mtended  to  be  dyed,  it  was  much  better  for  this  to  be  done  without 

u 
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bleaching.  The  processes  of  preparing  the  fibre,  which  was  very 
stubborn  and  strong,  had  been  attempted  in  a  variety  of  ways ;  but 
it  appeared  that  ahnost  the  only  thing  it  required  was  washing 
with  plenty  of  soap  and  warm  water,  in  order  to  reduce  it  to  a  fine 
soft  silky  state.  After  being  well  pounded  in  soap  and  water  the 
material  was  laid  out  to  dry,  preparatory  to  splitting.  The  spUtting 
was  done  by  spreading  out  the  dried  material  in  a  layer  about 
15  inches  wide  and  1^  inch  thick,  and  it  was  then  perforated  by  a 
number  of  fine  sharp  points  fixed  on  a  board,  which  had  a  slight 
shogging  motion  given  to  them  of  about  l-8th  inch  in  order  to 
assist  the  pins  in  splitting  it  up  into  its  separate  fibres.  It  was 
afterwards  passed  through  a  combing  machine  similar  to  a  wool 
combing  machine,  in  which  it  was  combed  out  and  delivered  in  tufts 
of  about  9  or  10  inches  length  of  fibre  and  subsequently  converted 
into  the  form  of  a  narrow  sliver.  In  this  state  the  China  grass 
was  supplied  in  large  quantities  to  Bradford,  where  it  was  mixed 
with  wool  in  the  sliver,  and  gave  to  the  wool  what  was  called  a 
spinning  quality.  Formerly  silk  was  used  for  that  purpose,  the  object 
being  to  spin  out  wool  to  a  very  much  finer  thread  than  it  would  spin 
to  alone.  The  compound  thread  thus  spun  was  used  in  Paisley  for 
making  beautiful  tartan  dresses,  in  which  the  .great  aim  was  to  get 
the  dress  as  light  as  possible :  when  silk  was  mixed  with  the  wool 
sliver  the  tartan  was  one  third  lighter  than  if  made  of  pure  wool ; 
and  China  grass  seemed  to  ofier  nearly  the  same  fietcilities  as  silk  for 
combination  in  this  manner  with  wool,  and  at  only  about  one  fourth 
of  the  price  of  silk,  the  sliver  of  China  grass  being  sold  in  Bradford 
at  about  3«.  6d.  per  lb.,  or  even  less  than  the  cost  of  wool,  whilst  the 
cost  of  silk  was  about  15s.  per  lb.  The  China  grass  could  be  spun 
either  pure  or  mixed,  and  when  afterwards  woven  with  silk  warps 
it  produced  some  of  the  finest  &brics  that  had  been  seen,  giving 
them  a  kind  of  transparent  glassy  appearance  in  the  sun  which 
could  not  be  obtained  by  any  other  material  at  present  known  of 
All  the  difficulties  in  preparing  the  sliver  seemed  now  to  be  entirely 
overcome ;  and  without  carrying  the  manufacture  any  further 
than  the  state  of  sliver,  an  enormous  quantity  of  this  could  now 
be  sold.     It  was  indeed  a  cheaper  fibre  than  any  other,  considering 
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the  degree  of  fineness,  and  he  had  no  donbt  that  in  a  few  years 
it  would  be  a  very  important  textile  material  in  this  conntry. 
The  reason  why  Messrs.  Marshall's  endeaTonrs  to  spin  the  China 
gnus  had  not  proved  altogether  saooessfnl  was  he  believed  that 
they  had  only  tried  spuming  the  fibre  wet,  in  the  same  manner 
that  flax  was  spun  ;  bnt  the  dry  process  was  now  fonnd  to  be  the 
only  one  by  which  the  China  grass  coold  be  spnn.  The  effect  of 
wet  upon  the  fibre  was  clearly  shown  by  taking  a  small  roving  of 
the  China  grass  in  the  fingers  whilst  dry,  when  a  breath  wonld 
almost  blow  it  apart  into  its  original  separate  fibres ;  bnt  if  the 
same  roving  were  wet  with  nothing  bnt  cold  water  and  slightly 
twisted  together,  it  wonld  reqnire  considerable  force  to  break  it,  and 
this  was  the  difficulty  in  spinning  the  fibre  wet.  An  examination  of 
the  China  grass  showed  that  each  fibre  was  perfect  in  itself,  and  conld 
not  he  split  np  ad  infinitum  like  the  flax  fibre.  In  this  respect  it 
was  Eke  wool,  and  oonseqnently  conld  be  spnn  very  easily  indeed, 
prorided  the  spinning  were  done  dry. 

Mr.  J.  Whitlkt  enquired  what  was  the  comparative  strength  of 
the  yams  of  China  grass  and  of  ordinary  flax. 

Mr.  GuRHWOOD  thought  the  China  grass  was  rather  the  stronger, 
and  he  had  had  some  samples  of  sewing  thread  made  from  it, 
which  compared  fiivourably  in  point  of  strength  with  the  ordinary 
linen  thread.  In  respect  to  wearing  qualities  he  believed  it  was 
considerably  more  durable  than  flax. 

The  President  enquired  whether  any  comparison  had  been 
nade  between  the  strength  of  handspun  flax  and  that  spun  by 
machinery. 

Mr.  Grbekwood  thought  the  handspun  flax  was  a  little  stronger, 
the  fibre  being  better  preserved  in  spinning  by  hand  than  by 
machinery. 

The  Presibkht  enquired  what  improvements  were  at  present 
<^<>nB>dered  to  be  needed  in  flax  machinery,  or  whether  it  was 
thought  to  have  been  now  brought  into  a  state  of  such  practical 
perfection  as  not  to  require  any  further  material  improvement. 

Mr.  Grerhwood  replied  that  the  machinery  was  of  course  still 
iniperfect  in  some  respects,  but  he  did  not  see  at  present  how  it 
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was  to  be  made  more  perfect ;  within  the  last  few  jears  a  little  had 
been  done  towards  improving  it,  but  not  mnch,  and  there  did  not 
appear  to  be  any  very  important  improvements  remaining  to  be 
effected.  Since  seeing  the  process  of  preparing  the  China  grass 
fibre,  his  impression  was  that  finer  qualities  of  flax  might  be 
prepared  in  a  similar  manner,  and  he  was  now  engaged  in  maldng 
some  machinery  for  that  purpose.  The  main  object  now  to  be 
aimed  at  in  the  flax  machinery  was  to  get  rid  of  the  hecklisg 
machine  and  the  spreading  frame  :  in  the  heckhng  machine  a  waste 
of  the  flax  was  occasioned  by  the  process  of  heckling,  and  in  the 
spreading  frame  the  operation  of  laying  down  the  stricks  of  flax  for 
feeding  the  machine  was  still  done  by  hand,  and  was  therefore 
liable  to  be  performed  carelessly  and  irregularly.  In  the  preparation 
of  the  sliver  of  China  grass  that  was  exhibited  these  two  processes 
had  been  entirely  avoided,  and  the  sliver  was  delivered  in  one 
process  direct  from  the  stricks  of  crude  fibre  by  means  of  a  combing 
machine  of  pecuHar  construction,  in  which  the  combs  were  very  fine 
and  the  pins  were  presented  at  an  acute  angle  to  the  surface  of  the 
sliver,  thus  clearing  away  all  the  short  fibres  and  any  small  portions 
of  bark  or  green  substance  which  might  by  chance  be  lefl  upon  the 
fibre ;  and  he  thought  the  same  treatment  might  be  advantageously 
tried  in  the  case  of  flax  also. 

The  President  proposed  a  vote  of  thanks  which  was  passed  to 
Mr.  Greenwood,  for  his  paper,  and  for  the  large  number  of  excellent 
drawings  and  specimens  that  he  had  exhibited. 


The  following  paper  was  then  read: — 
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DESCRIPTION  OF  A  PORTABLE  STEAM  RIVETTER. 


Bt  Mk.  ANDREW  WYLLIE,  of  Litsrpool. 


The  Portable  Steam  Rivetter  forming  the  subject  of  the  present 
paper  belongs  to  the  steam  hammer  class,  and  performs  the  rivetting 
by  a  succession  of  rapid  blows.  Rivetting  bj  a  portable  steam 
hammer  is  by  no  means  a  new  idea,  and  several  attempts  have 
already  been  made  to  carry  it  out  in  a  practical  manner  :•  to  mature 
such  a  machine  however  is  not  an  easy  task  ;  and  the  portable  steam 
rivetter  now  to  be  described  is  the  result  of  many  trials,  frequent 
failares,  and  several  improvements.  As  the  portability  of  the 
rivetter  depends  npon  its  convenience  of  size  and  form  as  well  as 
upon  mere  lightness,  both  of  these  considerations  have  to  be  kept  in 
view  in  its  construction ;  and  consequently  in  irregular  work  it  is 
not  expected  tbat  the  machine  will  ever  be  able  to  compete  with 
wMtT^fiy.!  labonr  ;  but  by  a  simple  modification  of  the  steam  hammer, 
the  size  of  the  steam  rivetter  has  been  so  reduced  that  in  straight- 
forward work  no  more  room  is  now  necessary  for  rivetting  by  the 
machine  than  is  required  for  hand-rivetting. 

In  steam  hammers  the  piston  inside  the  cylinder  is  connected  by 
the  piston  rod  to  the  hammer  head,  the  latter  being  outside  the 
cylinder  and  separated  from  the  piston  by  the  cylinder  bottom  with 
its  staffing-box ;  and  the  piston  and  the  hanmier  head  therefore  travel 
each  throngh  the  same  space  in  the  same  time.  The  total  length  of  a 
machine  so  constructed  must  therefore  be  equal  to  at  least  twice  the 
length  of  the  stroke,  together  with  the  sum  of  the  lengths  of  the 
cylinder  cover,  the  piston,  the  stuffing-box,  and  the  hammer  head. 
Moreover  in  order  to  apply  such  a  machine  to  rivetting,  it  would 
generally  be  necessary  to  use  a  swage-tool  for  the  head  of  the  rivet, 
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especiallj  if  the  head  is  to  be  of  a  snap  form  ;  and  this  wonld  be  an 
additional  length  to  be  added  to  those  already  named.  The  first 
step  in  the  construction  of  the  present  portable  rivetter  was 
accordingly  to  get  rid  of  a  greal  deal  of  this  length  of  machine. 

Fig.  1,  Plate  30,  shows  a  general  elevation  of  the  rivetter  and 
dolly  in  their  working  position,  and  Fig.  2  is  a  transverse  section  of 
the  rivetter :  Figs.  3  to  9,  Plates  31  and  32,  show  the  constmction 
of  the  rivetter  to  a  larger  scale. 

The  rivetter  is  made  mth  a  swage-tool  always,  whether  for  flush 
rivetting  or  for  snap-heads ;  and  this  swage-tool  A,  Fig.  8,  is  held 
in  the  front  end  of  the  cylinder  B,  and  forms  a  loose  plug  or 
plnnger  not  connected  to  the  piston  ;  while  the  piston  itself  C  is  an 
independent  long  bolt  or  hammer  of  suitable  weight,  traversing 
backwards  and  forwards  like  a  shuttle  in  the  cylinder  B,  and  striking 
the  end  of  the  swage-tool  A  within  the  cylinder.  By  this  arrange- 
ment the  swage-tool  or  tool-head  A  remains  almost  stationary ;  and 
the  total  length  of  the  machine  is  reduced  to  only  the  length  of  the 
stroke  of  the  piston,  together  with  the  part  struck  of  the  tool-head, 
the  length  of  the  piston,  and  the  thickness  of  the  back  cover; 
while  the  length  required  in  an  ordinary  steam  hammer  for  the 
stroke  outside  the  cylinder  and  for  the  stuffing-box  is  here  got  rid 
of  altogether.  This  is  not  only  a  saving  of  length,  but  also  an 
economical  simplification,  and  does  away  with  the  risk  of  breaking 
the  bottom  of  the  cylinder  by  an  unobstructed  stroke  of  the  hammer ; 
for  the  tool-head  being  entirely  loose  in  the  cylinder  acts  as  a  safety 
bottom  to  the  cylinder.  In  rivetting,  the  tool-head  simply  follows 
the  rivet  as  it  is  hammered  up,  and  remains  in  contact  with  it ;  so 
that  the  workman  has  to  look  at  an  almost  stationary  tool-head 
instead  of  at  a  rapidly  moving  hammer,  and  he  can  therefore  better 
adjust  the  position  of  the  machine  to  the  proper  formation  of  the 
rivet  head. 

The  principle  of  the  hammer  part  of  the  rivetter  having  thos 
been  arranged,  the  next  point  to  be  detemained  was  the  size  of  the 
cylinder,  so  as  to  render  the  machine  portable  and  controllable,  and 
of  such  a  size  that  the  workman  may  be  able  to  hold  it  in  its  position 
independent  of  its  mechanical  fixings.     In  the  back  stroke  of  the 
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piston,  tlie  reacting  pressure  is  upon  the  tool-bead  ;  but  wben  the 
piston  is  being  propelled  forwards  the  reaction  tends  to  push  the 
machine  back  from  its  work,  and  the  total  amount  of  this  pressure 
should  not  be  more  than  the  workman  can  readilj  withstand,  as  he 
might  accidentally  ihrow  the  whole  pressure  on  himself  by  giving 
the  machine  steam,  wben  it  was  not  fixed.  It  might  at  first  be 
thought  that  in  a  horizontal  push  the  force  which  the  workman 
could  exert  would  not  be  yery  great;  but  as  the  steam  pressure  is  not 
continuous^  but  acting  only  during  the  forward  stroke  of  the  piston, 
and  as  the  return  stroke  occupies  probably  three  times  as  long  as 
the  forward  stroke,  the  workman  by  a  steady  pressure  of  moderate 
smonut  can  resist  a  momentary  intermittent  pressure  of  nearly 
four  times  that  amount.  The  size  of  the  cylinder  for  the  horizontal 
rivetter,  shown  in  Fig.  1,  was  accordingly  fixed  at  1^  inches 
diameter,  which  with  60  lbs.  steam  gives  a  total  pressure  of  about 
100  lbs.  on  the  piston.  The  stroke  of  the  piston  is  about  15  inches, 
80  that  the  fall  force  of  the  blow  wiU  be  about  125  foot-pounds ; 
and  this,  with  the  luunmer  piston  weighing  3f  lbs.,  is  found  to  be 
sufficient  to  malce  firm  work  with  1^  inch  rivets.  The  machine  has 
not  been  tried  on  larger  rivets. 

The  tool-head  A,  Fig.  8,  which  receives  the  blow  from  the  piston 
and  communicates  it  to  the  rivet,  must  not  be  made  too  heavy, 
otherwise  its  inertia  would  deprive  the  blow  of  much  of  its  force. 
It  must  also  be  long  enough  to  follow  up  the  rivet,  while  still  having 
sufficient  length  left  in  the  cylinder  to  serve  as  a  guide.  These  two 
conditions  are  met  by  making  the  tool-head  hollow  towards  the 
ptsUm,  as  shown  in  Fig.  8 ;  and  its  weight  is  only  fr^m  If  to  2  lbs., 
or  shout  half  the  weight  of  the  hanmier  piston.  The  piston  C  has  a 
long  tapering  end,  which  enters  the  hollow  of  the  tool-^iead  and 
strikes  on  the  bottom  of  the  recess.  It  was  anticipated  that  the 
strikiDg  snr&ces  would  soon  be  broken  by  the  rapid  blows  of  hard 
sted  on  hard  steel ;  but  it  is  found  that  the  constant  presence  of 
steam  prevents  their  overheating  and  mutual  destruction,  and  in  no 
instanoe  have  they  been  found  to  &il  at  present.  Their  durability 
however  is  only  a  question  of  time ;  and  to  retard  the  progress  of 
destructive  crystallisation,  the  piston  and  tool-head  are  occasionally 
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annealod  by  being  bronglit  to  a  red  heat  and  slowly  cooled,  and  then 
their  striking  surges  are  tempered  in  oil. 

The  face  of  the  tool-head  for  flush  rivetting  is  made  sligbtlv 
rounded,  but  nearly  flat ;  for  snap-riyetting  it  is  formed  into  a  cup 
of  the  required  form.  It  is  always  easier  to  make  a  pan-head  by  the 
machine,  that  is  a  head  which  is  the  frustrum  of  a  cone,  than  a 
snap-head,  as  the  sides  of  the  pan-head  form  a  firmer  centering 
for  the  machine.  The  tool-head  has  two  or  three  grooves  turned  on 
the  inner  end  for  twine  packing,  as  shown  in  Fig.  8,  which  is 
sufficient  to  withstand  the  very  slight  pressure  of  steam  in  the  return 
stroke  of  the  piston ;  the  steam  port  D  at  the  front  end  is  only 
about  1-lOOth  square  inch  in  area,  and  the  tool-head  might  therefore 
almost  be  lefb  without  packing. 

In  the  distribution  of  the  steam,  as  the  piston  has  no  projecting 
part  outside,  its  motion  cannot  be  made  available  for  working  the 
slide  valve  by  external  connections ;  and  the  first  rivetter  was  made 
with  inside  tappet  levers,  moved  by  the  piston  coming  in  contact 
with  them.  Although  these  served  the  purpose  very  well,  it  was 
thought  that,  as  the  speed  of  the  piston  was  sometimes  above  2000  feet 
per  minute  when  it  struck  the  front  tappet,  such  an  action  would  he 
destructive  to  the  machine,  notwithstanding  that  the  movement  was 
effected  by  a  very  gentle  taper  upon  the  piston.  The  next  machine 
was  therefore  made  with  an  inside  tappet  at  the  back  end  only,  and 
with  a  small  steam  port  at  the  front  end  for  moving  the  valve  ;  and 
the  return  stroke  of  the  piston  being  performed  at  a  comparatively 
low  velocity,  the  inside  tappet  can  be  worked  at  the  back  end  with 
great  accuracy  and  with  little  wear.  Moreover  it  is  necessary  to 
retain  the  mechanical  movement  at  the  back  end  of  the  cylinder, 
in  order  to  secure  the  requisite  certainty  of  action  for  preventing 
the  possibility  of  the  piston  ever  striking  that  end  of  the  cylinder. 

The  slide  valve  E  is  a  piston  valve,  and  is  shown  in  its  two 
extreme  positions  in  Figs.  8  and  9.  In  the  position  shown  in  Fig.  8 
the  hammer  piston  C  has  uncovered  the  valve  steam  port  F,  and  the 
steam  which  has  been  propelling  the  hammer  piston  can  now  act  on 
the  piston  of  the  slide  valve  B,  which  is  thereby  moved  forwards 
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into  the  poeiiion  shown  in  Fig.  8,  cutting  off  the  steam  at  G  from 
the  chamber  H  of  the  back  port  and  opening  it  to  the  exhaust  K, 
and  closing  the  front  port  D  fr^m  the  exhanst  K  and  opening  it 
to  the  steam  O.  In  this  position  the  steam  chamber  G  has  an 
opening  to  the  front  port  D  through  a  groove  in  the  side  of  the 
slide  Talre,  this  groove  being  partly  closed  by  the  small  regulating 
screw  I,  and  the  steam  is  thus  admitted  slowly  to  the  front  of  the 
hammer  piston.  At  the  same  time  the  back  port  chamber  H  and 
the  hack  end  of  the  cylinder  are  open  to  the  exhanst  chamber  K. 
As  there  is  then  steam  pressure  on  the  front  of  the  hammer  piston, 
and  a  free  exhaust  behind  it,  the  piston  will  move  towards  the  back 
end  of  the  cylinder ;  but  at  some  distance  fr^m  the  end  it  comes 
into  contact  with  the  inside  tappet  J,  Figs.  4  and  5,  for  which  a 
recess  is  provided  in  the  side  of  the  cylinder,  and  the  piston  in 
passing  pushes  the  tappet  into  the  recess,  as  shown  by  the  dotted 
line  in  fig.  4.  The  tappet  motion  draws  the  slide  valve  back,  and 
the  openings  of  the  steam  passages  are  thereby  reversed,  as  shown 
in  Fig.  9  ;  and  the  motion  of  the  piston  is  changed  to  the  forward 
stroke  before  it  has  come  into  contact  with  the  back  end  of  the 
cylinder. 

The  back  port  pipe  L,  Figs.  3  and  5,  is  the  steam  way  to  the 
bad:  end  of  the  cylinder,  and  connects  it  with  the  back  port 
chamber  H  of  the  slide  valve  casing,  Fig.  8.  This  pipe  is  screwed 
steam-tight  into  the  valve  casing,  and  at  the  back  end  it  is  packed 
with  a  gland,  as  shown  in  Fig.  5,  which  allows  for  the  expansion  of 
the  tube.  A  separate  tube  is  used  for  the  sake  of  getting  a  simpler 
form  for  the  cylinder  casting,  and  in  order  to  save  weight  and  get  a 
ckaner  passage  than  if  it  were  cast  in  one  piece  with  the  cylinder. 

The  back  end  of  the  hammer  piston  C,  Fig.  8,  is  made  of  a 
cured  shape  to  ease  the  shock  of  the  blow  upon  the  inside 
tappet  J,  Fig.  4.  At  the  front  end  the  body  of  the  hammer  piston 
in  the  first  rivetter  had  longitudinal  channels  made  in  it,  extending 
BO  far  back  that  when  the  piston  advanced  to  the  fullest  extent  in 
following  up  the  tool-head  the  body  of  the  piston  should  not  close 
the  front  steam  port  D :  these  channels  were  adopted  in  place  of 
tnrning  down  the  entire  body  of  the  piston,  in  order  that  the  friU 

V 


134  PORTABLE  STEAM  BIYBTTEB. 

length  of  bearing  of  the  piston  in  the  cylinder  might  be  preserred. 
In  the  improved  construction  of  the  rivetter  however,  shown  in 
the  drawings,  the  necessity  for  these  channels  is  obviated  bj 
extending  the  front  steam  port  D  &r  enongh  forwards,  as  shown 
in  Fig.  8,  so  that  it  is  never  entirely  closed  by  the  body  of  the 
piston. 

The  steam  stop- valve  is  a  small  grid  valve,  with  a  spring  to  keep 
it  on  the  face,  and  a  spiral  spring  to  close  it ;  or  a  cock  with  a 
spring  to  close  it.  It  is  in  a  casing  at  the  side  of  the  steam  chamber 
of  the  slide-valve,  and  ia  opened  by  a  cord  extending  to  one  of  the 
back  handles  M  at  the  end  of  the  cylinder.  Any  difference  in  the 
amount  of  opening  of  the  steam  stop- valve  afiectd  only  the  forward 
stroke  of  the  piston  and  the  force  of  the  blow,  the  velocity  of  the 
back  stroke  being  regulated  by  the  set  screw  I  in  the  steam  groove 
of  the  slide-valve.  Fig.  8,  which  determines  the  rapidity  of  the 
blows  without  altering  their  force.  The  steam  is  conveyed  to  the 
rivetter  by  a  six-ply  flexible  tube  of  f  inch  bore,  with  brass  noEzles 
of  ^  inch  bore.  The  exhaust  pipe  is  |  inch  bore  at  the  nozzle,  and  a 
short  length  of  india-rubber  pipe  of  1  inch  bore  is  attached  to 
carry  the  waste  steam  away. 

The  horizontal  rivetter  shown  in  the  drawings  consists  of  two 
parts,  the  rivetting  cylinder  and  the  holder-up  :  when  in  operation 
these  two  portions  are  locked  together  through  the  next  rivet  hole, 
as  shown  in  Fig.  1,  and  in  this  form  the  portable  steam  rivetter  is 
therefore  called  the  "  locking  noiachine,"  to  distinguish  it  from  the 
other  forms  of  the  machine  which  are  either  permanently  coupled 
or  permanently  separate.  The  looking  pin  N  is  attached  to  two 
short  studs  cast  upon  a  nozzle  O,  Fig.  8,  which  is  screwed  on  the 
end  of  the  rivetting  cylinder,  being  held  from  turning  by  the  spring 
bolt  P,  Fig.  3,  engaging  in  one  of  the  notches  Q  upon  the  nozzle. 
The  foremost  of  these  studs  B  is  mounted  with  a  hollow  screw  and 
key  S  for  adjusting  the  position  of  the  locking  pin  to  suit  the  gauge 
of  the  rivet  holes ;  the  other  stud  is  a  guide  for  the  inner  end  of  the 
locking  pin.  The  locking  pin  is  5-8ths  inch  diameter,  of  steel, 
and  the  socket  in  which  it  is  fixed  forms  a  large  shoulder,  as  shown 
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in  Fig.  8,  &r  buttiiig  to  iAke  plate  that  is  being  rivetted :  this 
shoulder  is  so  mnch  in  advance  of  the  end  of  the  tool-head  that 
iiiffieient  room  is  left  for  the  projection  of  the  head  of  the  rivet,  as 
seen  in  Figs.  1  and  10.  On  that  part  of  the  locking  pin  which  is 
on  the  other  side  of  the  plates,  there  are  a  nnmber  of  ratchet  teeth, 
Fig.  13,  and  these  lock  with  a  catch  T  on  the  holder-np,  by  which 
nmns  the  two  portions  are  held  together  dnring  the  operation  of 
riTetting.  The  locking  pin  is  made  in  two  pieces,  a  head  with  two 
ejBB  which  go  on  the  two  studs  of  the  rivetting  cylinder,  and  the 
pin  its^  which  is  cottered  into  this  head,  so  that  either  a  larger  or 
smaQer  pin  can  be  nsed  as  required. 

The  blow  of  the  portable  steam  rivetter  is  so  powerM  that  for 

hcnzantal  rivetting  a  common  dolly  cannot  be  employed,  as  the 

riyefe  would  never  be  brought  up  in  the  head.     A  spring  dolly  is 

thereCbie  used,  as  shown  in  Figs.  10  to  18,  Plate  33,  and  its  action 

Iiaa  been  found  rery  satisfiustory.     The  dolly  is  in  a  spring  box 

made  of  3  inch  boiler  tube,  on  the  front  of  which  are  the  eye  and 

locking  catch  T  for  connecting  the  dolly  to  the  locking  pin  N  of  the 

riTetter.  By  entering  the  eye  on  the  locking  pin  and  forcibly  pushing 

the  doUy  along  the  pin,  the  spring  would  be  compressed  and  the 

catch  T  would  engage  in  one  of  the  teeth  of  the  pin.    But  it  would 

be  very  difficult  to  run  the  dolly  up  p^ectly  fair  on  the  pin,  and 

the  locking  catch  might  not  engage  securely  with  the  tooth,  and 

might  be  only  on  the  point  of  the  tooth,  in  which  case  the  dolly 

would  be  driven  off  by  the  first  blow  of  the  rivetter,  and  the  rivet 

would  not  be  brought  up  in  the  head.     To  obviate  this  the  dolly  is 

made  with  a  compression  notch  U  at  the  back  end,  and  a  spring 

detent  V  in  one  of  the  handles  W  ;  and  the  workman  holding  the 

^oUj  by  both  handles  places  it  on  the  ground,  and  by  a  sudden  jerk 

compresses  the  dolly  spring  until  the  detent  Y  lays  hold  of  the 

notch  and  the  compression  of  the  doUy  is  thereby  retained.     The 

dolly  is  now  lifted  and  entered  on  the  locking  pin,  and  the  rivet  is 

UMerted  and  pushed  home  by  the  dolly,  and  the  locking  catch  T  lays 

hold  of  one  of  the  teeth  of  the  locking  pin ;  as  there  is  now  no 

Btrain  on  the  doUy,  the  catch  T  is  not  prevented  from  entering  to 

the  bottom  of  the  tooth  so  as  to  obtain  a  secure  hold  of  the  locking 
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pin.  By  tlien  tnming  the  detent  handle  W,  which  is  screwed  into 
the  dolly  cap,  the  detent  Y  is  withdrawn;  and  the  dolly  being 
released,  as  shown  in  Fig.  10,  presses  upon  the  rivet  with  almost 
the  fnll  compression  got  by  jnmping  it  together  on  the  ground. 

Daring  the  rivetting  the  workman  has  only  to  keep  the  dolly 
tme  on  the  rivet  head  by  a  slight  pressure  sideways,  and  the  strongly 
compressed  spring  causes  it  to  press  with  great  force  on  the  livet, 
and  makes  very  sound  work.  When  the  rivet  is  finished,  the  locking 
catch  T  is  disengaged  by  means  of  the  lever  X,  and  the  dolly  being 
released  resumes  its  original  condition,  as  shown  by  the  dotted  lines  in 
Fig.  10.  With  flat-headed  rivets  the  dolly  is  merely  turned  round 
on  the  locking  pin,  and  the  catch  T  is  thereby  thrown  out  of  the 
tooth  which  is  only  on  one  side  of  the.  pin.  The  dolly  is  then 
removed  from  the  locking  pin  for  the  purpose  of  being  compressed 
again ;  the  workman  on  the  rivetting  side  has  at  the  same  time 
removed  the  rivetter  to  the  next  hole,  and  when  the  dolly  is  lifted 
up  the  locking  pin  is  ready  for  it,  and-  the  same  process  is 
repeated. 

It  was  originally  intended  to  support  the  portable  rivetter  by  a 
lanyard  with  sufficient  slack  to  allow  of  a  great  range  of  the  machine. 
Where  it  is  convenient  to  have  this  it  would  no  doubt  be  an  advan- 
tage, as  the  lanyard  would  not  require  to  be  shifted  or  altered  in 
length  oftener  than  about  once  an  hour  for  horizontal  seanu9.  It 
would  be  attached  to  the  front  of  the  machine,  and  should  be  of  such 
a  length  as  to  suspend  the  machine  6  or  8  inches  below  the  rivet 
holes,  so  that  the  workman  would  have  to  depress  his  end  of  the 
rivetter  sufficiently  to  tilt  up  the  point  of  the  locking  pin  to  the 
rivet  hole,  when  the  machine  could  be  pushed  home.  It  is  found 
however  that  the  rivetter  can  be  worked  without  a  lanyard,  without 
much  inconvenience  to  the  workman.  When  the  rivetter  and  dolly 
have  been  locked  together,  the  workman  is  relieved  from  all  the 
weight ;  and  it  is  only  in  shifting  from  hole  to  hole  that  he  has  to 
carry  the  machine,  which  is  easily  liftied  with  one  hand  at  the  back 
end  and  the  other  at  the  locking  pin  handle  S,  Fig.  1.  In  the  first 
machine  there  were  handles  at  the  front  end  also,  but  these  were 
not  needed  and  have  been  discontinued. 
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In  Fig.  14,  Plate  34,  is  shown  an  elevation  of  a  vertical  coupled 
rirefcter,  in  which  the  rivetting  cylinder  B  and  the  doll  j  Y  are 
permanently  coupled  together  by  the  coupling  Z.  This  form  of 
the  rivetter  is  particnlarly  suitable  for  rivetting  ships'  frames  lying 
horizontally  on  the  groniid ;  and  in  this  case  the  rivetting  cylinder  B 
is  hdow,  and  the  doUy  Y  at  top.  For  shifting  the  machine  when 
the  rivet  is  completed,  the  dolly  is  compressed  by  a  jerk  as  before, 
and  the  compression  is  retained  by  the  detent  until  the  machine  has 
been  removed  to  the  next  hole  and  the  rivet  inserted,  when  the 
detent  is  withdrawn,  and  the  dolly  holds  up  the  rivet  against  the 
blows  of  the  rivetter. 

In  the  horizontal  locking  rivetter,  the  weight  of  the  rivetter 
iteelf  and  locking  pin  is  45  lbs.,  and  of  the  holder-up  34  lbs.  The 
vertical  coupled  rivetter  is  a  few  pounds  heavier,  the  holder-up  not 
being  altered  in  weight. 


Mr.  Wtllie  explained  that  the  portable  steam  rivetter  described 
in  the  paper  just  read  was  the  invention  of  Mr.  J.  Mc.Farlane 
Gray,  who  was  present  at  the  meeting  and  had  brought  over  one 
of  the  rivetters,  which  would  be  worked  with  steam  during  the 
conversazione  to  be  held  in  the  International  Exhibition  that  evening, 
when  the  members  would  have  an  opportunity  of  vdtnessing  its 
actual  working. 

Mr.  QaiT  exhibited  one  of  the  portable  rivetters,  and  showed 
the  mode  of  bringing  it  up  to  the  work  to  be  rivetted.  He  explained 
that  the  rivetter  required  no  lanyard  or  other  arrangement  for 
Bupporting  it  in  work,  as  its  weight  was  carried  whilst  rivetting 
by  the  locking  pin  inserted  through  the  adjacent  rivet  hole ;  and  it 
was  easily  lifted  fipom  hole  to  hole  by  the  two  attendants,  one  of 
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them  shifting  the  dollj  while  the  other  fihifted  the  rivetter  itself: 
the  screw  and  key  gave  the  means  of  altering  the  distance  of  the 
locking  pin  from  the  rivetter  to  suit  the  pitch  of  the  rivet  holes. 
With  60  lbs.  steam  the  hammer  piston  gave  about  300  blows 
per  minute.  He  exhibited  a  specimen  of  plates  rivetted  together 
by  the  machine  with  1}-  inch  rivets,  and  afterwards  slotted  down 
the  centre  of  the  rivets,  to  show  how  completely  the  holes  were 
filled  by  the  rivets. 

The  President  enquired  how  the  working  of  the  rivetter  would 
be  managed  in  rivetting  at  a  ship's  side,  where  there  would  be  litUe 
room  to  work  in. 

Mr.  Gray  replied  that  the  man  with  the  rivetter  stood  on  a 
platform  outside  the  ship's  side,  and  the  other  attendant  with  the 
doUy  on  a  platform  inside,  where  the  rivets  were  to  be  put  ul 
The  locking  pin  of  the  rivetter  having  been  passed  through  the  hole 
next  to  the  one  to  be  rivetted,  and  the  dolly  entered  on  the  pin, 
when  the  hot  rivet  was  inserted  into  the  hole,  the  compressed 
spring  of  the  dolly  was  liberated  by  the  man  on  the  inner  side, 
holding  up  the  rivet  true  and  firm  in  the  hole;  and  then 
the  other  man  by  pulling  the  string  attached  to  the  steam  valve 
turned  on  the  steam,  and  the  rivet  head  was  immediately  completed 
by  the  blows  of  the  rivetter.  The  locking  pin  was  then  instantly 
released  by  merely  turning  the  dolly  partly  round  upon  the  pin 
if  the  rivet  head  was  flat,  or  by  releasing  the  locking  catch  by 
the  lever  if  the  dolly  had  a  cupped  die ;  and  while  the  rivetter  and 
locking  pin  were  shifted  to  the  next  hole  by  the  man  outside  the 
siup,  the  other  attendant  inside  compresBed  the  doUj  spring  again, 
and  was  ready  to  slip  it  over  the  locking  pin  as  soon  as  the  latter 
was  put  through  the  next  rivet  hole  from  the  outside.  This  was 
done  so  quickly  that  the  shifting  of  the  rivetter  and  dolly  did 
not  occupy  more  than  about  8  seconds,  and  the  act  of  rivetting 
occupied  about  7  secondfl,  making  about  15  seconds  total  for  each 
rivet.  He  then  showed  to  the  meeting  the  &cility  with  which 
the  rivetter  and  doUy  were  coupled  and  uncoupled  by  the  locking 
pin,  and  the  rapidity  with  which  they  were  shift;ed  firom  hole  to 
hole  in  a  plate. 
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The  P&BSiDEirr  asked  whether  it  was  expected  the  riyetter 
oonld  be  worked  as  fast  as  to  take  onlj  about  15  seconds  for  each 
liyet  in  ordinary  working,  as  it  seemed  doubtftil  whether  the  men 
would  be  able  to  stand  that  rate  of  work  as  a  regular  thing. 

Mr.  Gray  repHed  ihat  the  machine  was  guaranteed  to  do  one 
riyet  per  minute  easilj  in  ordinary  straight  work,  and  two  or 
three  per  minnie  oonld  be  pat  in  if  there  were  any  hurry  about  the 
work. 

Mr.  J.  MusPHT  enquired  what  was  the  oomparatiye  speed  of 
metting  by  the  machine  as  compared  with  hand  rivetting. 

Mr.  Qbat  replied  that  in  rivetting  straightforward  work  such 
M  the  sides  of  the  Britannia  tabular  bridge  one  of  these  machines 
could  put  in  a  thousand  nrets  in  a  day  of  ten  hours,  being  at  the 
Tftte  throughout  of  one  rivet  in  36  seconds.  In  a  special  trial 
of  speed  with  the  machine  he  had  himeslf  put  in  fifteen  rivets  in 
3  Tnimites  and  35  seconds  or  at  the  rate  of  14  seconds  per  rivet ; 
and  on  another  occasion  he  had  put  in  three  rivets  in  26  seconds  by 
the  machine.  There  was  therefore  no  doubt  that  the  rivetting  could 
be  done  by  tbe  machine  considerably  &8ter  than  by  the  most 
expeditious  hand  work.  The  men  who  had  worked  the  machine 
much  preferred  using  it  to  being  either  the  holder-up  or  the 
livetter  in  ordinary  hand  rivetting;  and  the  construction  of  the 
spring  dcAy  caused  the  shock  to  the  man  holding  up  the  rivet  to 
be  much  less  than  in  hand  rivetting. 

Mr.  J.  RiMSBOTTOM  enquired  what  was  the  weight  of  the  hammer 
ptBtoQ  in  the  rivetter. 

Mr.  Grat  replied  that  the  hammer  piston  was  Sf  lbs.  weight. 
Mr.  C.  Cochrane  enquired  what  extent  of  area  could  be  worked 
over  convemenUy  with  the  steam  rivetter  without  having  to  shift 
the  steam  pipe  connections.  He  supposed  a  flexible  steam  pipe 
would  be  necessary  for  enabling  the  machine  to  work  over  a 
coBsideTable  area. 

Mr.  Gkat  explained  that  the  first  and  the  last  lengths  of  the 
steam  pipe  conveying  the  steam  to  the  rivetting  machine  were 
flexible,  and  each  about  10  or  12  feet  long ;  the  rest  of  the  steam 
pipe  was  only  f  inch   gas  pipe,  which  could  be  carried  to  any 
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distance  that  might  be  desired  for  conveying  the  steam  irom  a 
stationary  boiler ;  or  a  portable  boiler  with  a  shorter  lengtli  of 
steam  pipe  might  be  employed  if  preferred. 

Mr.  J.  Febnie  remarked  that  he  remembered  a  portable  steam 
rivetter  had  been  constructed  some  years  ago  by  Mr.  Naylor,  and 
he  thought  it  wonld  be  very  nsefdl  if  they  could  be  informed 
what  had  been  the  difficulties  that  had  been  met  with  in  tiut 
machine. 

Mr.  W.  Natlob  said  he  had  found  many  difficulties  in  worldiig 
out  the  portable  steam  rivetter,  and  had  not  been  able  to  succeed 
in  bringing  it  to  what  he  could  consider  a  practical  success ;  and 
only  two  or  three  of  the  machines  had  been  constructed  and  put  to 
work.     One  practical  difficulty,  which  he  thought  would  be  fonnd 
also  with  the  machine  described  in  the  paper  as  well  as  with  any 
other  steam  rivetting  machine,  had  arisen  from  the  rivets  not  being 
always  perfectly  at  right  angles  to  the  plate:  if  the  rivet  came 
exactly  square  through  the  plate,  the  hammer  might  then  strike  it 
true  and  bring  it  home  with  a  fair  head ;  but  if  the  rivet  did  not 
come  exactly  square  through  the  plate,  it  would  not  be  truly  in  line 
with  the  stroke  of  the  hammer,  and  the  hammer  might  turn  it  to 
one  side  and  form  the  rivet  head  on  one  side.     He  had  had  one 
machine  made  with  the  hammer  on  a  universal  joint  so  as  to  more 
round,  in  order  that  if  the  rivet  came  through  the  hole  not  quite 
square  the  hammer  could  be  turned  so  as  to  hit  it  fair  and  bring  it 
straight  again.      There  was  also  a  practical  difficulty  in  using  a 
machine  for  such  work  as  iron  shipbuilding,  where  one  portion  of 
the  ship's  side  was  vertical  and  other  portions  slanting,  and  the 
bottom  part  was  particularly  difficult  to  get  under  with  a  machine. 
With  the  smaller  rivetting  machine  that  he  had  made  the  rivet  was 
held  up  by  a  man  with  a  lever  dolly  in  the  ordinary  way  ;  but  with 
a  larger  machine  he  had  employed  a  small  steam  cylinder  for  the 
purpose.      The  great  difficulty  however  was  to  get  rivetfcera  who 
would  use  the  machine,  as  the  men  thought  they  would  do  the 
work  much  better  without  the  machine,  and  so  save  all  the  cost  of 
it.     If  he  had  himself  had  the  entire  management  of  the  work  in  all 
respects,  he  might  perhaps  have  succeeded  in  performing  it  with 
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the  machine :  but  lie  had  been  satisfied  by  the  experience  which  he 
had  bad  that  under  ordinary  circumstances  he  should  not  be 
&ble  to  make  the  machine  a  commercial  success  so  that  it  could 
adTantageously  compete  with  hand  labour.  There  was  no  doubt 
thai  a  portable  steam  rivetter  would  be  a  very  valuable  tool,  if  the 
dii&cnlties  that  had  been  encountered  could  be  overcome,  so  that 
the  machine  could  be  brought  to  bear  practically  for  rivetting. 

Mr.  Gray  said  he  had  contemplated  the  difficulties  that  had 

been  mentioned ;  and  as  regarded  that  arising  from  oblique  position 

of  the  rivet  in  the  rivet  hole,  he  did  not  think  it  existed  to  such  an 

extent  with  the   rivetter  described    in  the  paper  as   had    been 

supposed,  because  the  steam  rivetter  was  intended  to  be  used  with 

machine-made  rivets,  which  would  have  the  rivet  head  truly  square 

with  the  bolt.     If  therefore  a  rivet  came  through  not  square  with 

the  plate,  it  was  not  the  fault  of  the  rivet,  but  showed  that  the 

holes  in  the  plates  were  not  &ir.      The  steam  rivetter  however 

acted  with  such  force  that  the  rivets  were  not  required  to  be  the 

fall  sixe  of  the  holes,  but  considerably  smaller  rivets  could  be  used, 

which  were  stDl  made  to  fill  the  holes  completely  by  the  compression 

produced  by  the  machine ;  and  accordingly  in  working  1  inch  holes 

with  }  inch  rivets  the  machine  made  a  sound  job  of  the  rivet  and 

filled  the  hole  up  at  once.     This  allowed  i  inch  of  slant  in  the  hole, 

while  still  keeping  the  rivet  square  to  the  plates.    Moreover  the 

spring  dolly  for  holding  up  the  rivet  pressed  with  very  great  force 

upon  the  rivet,  so  that  the  rivet  must  come  through  the  plate 

Bqnare  or  very  nearly  square.      Even  if  the   holes    were  tight 

however,  and  the  rivet  got  a  little  slant  to  one  side,  the  machine 

had  sufficient  play  to  allow  for  this,  as  the  locking  pin  passed  loose 

through  the  adjacent  rivet  hole,  which  had  the  same  effect  as  a 

UDxyersal  joint  in  allowing  of  the  amount  of  deviation  that  was 

needed  to  perform   ordinary  rivetting;  while  the  rivetter  itself, 

bemg  only  about  45  lbs.  weight,  admitted  of  being  turned  about 

^oet  as  easily  as  a  hammer.     It  had  thus  the  advantage  of 

affording  as  great  &ciHty  for  straightening  a  slanting  rivet  as  in 

band  rivetting,  provided  of  course  that  the  workman  noticed  the 

nret  was  slanting. 

w 
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The  application  of  the  machine  to  snap  riyetting  was  perhaps 
not  entirely  satis&ctory  at  present,  but  it  was  very  much  better 
than  he  had  anticipated ;  in  the  first  trials  indeed  snap  rivetiing 
had  been  given  up  as  hopeless  with  the  machine,  and  it  was  not 
until  lately  that  the  machine  had  been  tried  again  for  the  purpose 
with  the  ordinary  round  snap-heads.  The  machine  had  been 
employed  with  success  upon  pan-head  rivets,  which  could  be  got  hold 
of  better  by  the  die  of  the  rivetter,  and  twisted  by  it  slightly  to  one 
side  or  the  other :  but  it  was  now  found  that  even  the  snap-heads 
could  be  easily  managed,  and  this  was  to  be  attributed  he  thought 
to  the  efficiency  of  the  holder-up,  which  had  been  improved  since 
the  former  trials. 

With  regard  to  the  difficulties  of  getting  the  steam  rivetter 
introduced  on  account  of  the  prejudices  of  the  men,  he  might 
mention  that  the  first  of  the  machines  which  had  been  made  had 
been  sent  down  to  Messrs.  Napier's  works  at  Glasgow  to  be 
employed  for  rivetting  up  ships'  frames  lying  horizontally  in  the 
yard ;  it  was  one  of  the  vertical  coupled  rivetters,  which  was  the 
form  first  made,  and  it  was  guaranteed  to  put  in  one  rivet  per 
minute  in,  regular  work.  In  the  trial  of  it  at  starting  he  had 
himself  put  in  fifteen  |  inch  rivets  in  8  minutes  and  35  seconds, 
which  was  considered  so  decided  a  success  that  two  of  the  machines 
were  ordered  instead  of  one.  At  the  same  time  he  was  urged  to 
modify  the  construction  in  such  a  manner  as  to  render  the 
machine  capable  of  being  employed  horizontally  as  a  portable 
rivetter,  for  rivetting  the  ships'  sides  &c.,  because  it  was  not  worth 
while  to  use  the  vertical  rivetter  until  the  other  form  had  been 
matured  and  made  practically  successful,  so  that  the  machine  might 
be  relied  upon  to  be  capable  of  doing  a  great  part  of  the  work  at 
present  performed  by  hand  rivetting.  He  had  accordingly  completed 
the  horizontal  rivetter  in  the  form  described  in  the  paper,  which  was 
sufficiently  matured  to  be  practically  available  and  commercially 
profitable ;  and  men  were  now  ready  to  go  out  with  the  machine 
and  undertake  rivetting  with  it  at  such  a  cost  as  would  make 
it  well  worth  while  to  employ  the  machine  in  place  of  hand 
riyetting. 
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The  Pbssidsbt  observed  that  the  experiment  referred  to  at  his 
works  with  the  first  rivetter  had  given  great  satis&>ction,  aa  had 
been  stated ;  but  there  had  not  been  opportunity  at  present  for 
pfattmg  to  work  the  two  new  machines  that  had  been  obtained. 

Mr.  J.   MusPHT   considered  the  portable  steam   rivetter  now 

described  was  a  most  valnable  addition  to  the  number  of  rivetting 

machines  already  existing,  and  thought  it  would  be  particularly 

useful  in  plating  ships,  where  it  was  necessary  to  go  to  some  height 

from  the  ground.     The  ordinary  rivetting  machines  at  present 

emplajed  were  of  such  a  ponderous  construction  that  they  could 

not  be  moved,  aixd  the  work  had  therefore  all  to  be  brought  to 

tbem.    The  great  advantage  of  the  new  machine  was  that  it  could 

be  taken  to  the  work ;  and  from  its  portability  and  the  simpHcity 

of  its  construction  he  thought  the  objection  of  the  men  'to  using  it 

would  soon  be  got  over.  Even  if  the  present  rivetters  reftised  to  work 

with  the  machine,  other  men  might  he  expected  be  got  to  use  it  with 

a  little  teaching ;   and  he  enquired  whether  it  was  necessary  to 

employ  skilled  workmen  to  work  the  machine,  or  whether  unskilled 

hands  could  not  readily  learn  to  use  it.     The  same  objections  might 

be  made  to  sawing  and  planing  machinery,  or  to  any  machinery 

intended  to    supersede    manual    labour ;    but    the    use    of   such 

machines  had  long  been  successfrilly  established  notwithstanding 

all  such  objections. 

Mr.  Gkat  said  there  would  be  no  difficulty  in  employing 
imskiDed  labour  for  working  the  machines ;  if  there  were  half  a 
dozen  machines  to  be  worked  at  one  place,  one  mechanic  would 
be  required  who  understood  them  and  could  keep  them  in  order, 
while  any  intelligent  labourer  could  work  the  machine.  The 
oonstmction  of  this  rivetter  was  so  simple  that  unless  the  parts 
were  broken  they  could  not  be  put  together  wrong ;  and  duphcates 
were  supplied  of  the  working  parts,  to  provide  against  breakage. 
If  the  ordinary  large  rivetting  machines  had  proved  a  commercial 
coooees,  he  thought  that  ought  equally  to  be  the  case  with  the  new 
portable  rivetter,  because  he  was  satisfied  that  by  means  of  the 
portable  machine  more  work  and  of  equal  quahty  could  be  done 
with  the  same  number  of  men  and  at  less  than  half  the  expense 
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for  macliiiieiy.  For  a  fixed  riyetting  machine  required  one  man  at 
the  crane  for  lifting  the  piece  of  work  to  be  rivetted^  another  man 
to  guide  the  work,  a  third  to  supply  the  rivets  to  the  maclmie, 
and  a  fourth  to  work  the  machine.  If  the  same  number  of 
men  were  employed  with  the  portable  rivetter,  two  to  each 
livetter,  they  would  be  capable  of  working  two  of  the  rivettera,  j 
the  cost  of  which  would  be  less  than  half  that  of  a  fixed  machine, 
while  he  doubted  whether  any  fixed  machine  could  put  in  as  many 
rivets  in  a  given  time  as  could  be  done  by  two  of  the  portable 
rivetters.  The  principal  use  of  the  portable  rivetter  was  for  such 
work  as  the  Britannia  tubular  bridge,  in  which  it  could  perform 
the  whole  of  the  rivetting ;  and  if  in  shipbuilding,  where  a  great 
proportion  of  the  surface  was  slanting,  some  places  were  met  with 
where  the  machine  would  not  be  convenient  to  use,  he  did  .not  think 
that  constituted  an  objection  to  its  employment  for  the  general 
rivetting  work  of  the  ship.  The  case  of  the  portable  rivetter  was  in  j 
fact  very  similar  to  that  of  the  sewing  machines  now  so  largely 
employed,  which  were  used  with  great  advantage  for  a  long  mn  of 
straightforward  work,  but  left  a  few  special  parts  to  be  finished  by 
hand  work. 

Mr.  J.  Whitley  enquired  what  was  about  the  cost  of  the 
portable  rivetting  machine. 

Mr.  Gbat  replied  that  the  cost  of  one  of  the  rivetters  complete 
with  a  set  of  duplicates  was  about  £60,  but  they  were  expected  to 
be  less  expensive  when  they  had  come  into  general  use. 

Mr.  J.  Murphy  enquired  what  was  the  relative  cost  of  rivetting 
by  the  machine  and  by  hand  labour. 

Mr.  Gray  replied  that  the  men  who  had  had  experience  of  the 
working  of  the  portable  steam  rivetters  were  willing  to  go  out  with 
the  machines  and  keep  them  in  order  and  to  do  work  with  1  inch 
rivets  for  a  payment  of  l*.  per  hundred  rivets ;  and  there  would 
also  be  the  cost  of  a  man  to  shift  the  dolly  for  holding  up  the  rivets, 
and  two  boys  in  attendance,  making  the  whole  cost  not  more  than 
3«.  per  hundred  for  1  inch  rivets ;  and  at  this  rate  of  payment  the 
men  expected  to  double  their  present  wages.  The  cost  of  rivetting 
similar  work  by  hand  was  about  12«.  per  hundred  rivets. 


POBTABLE   STEAM   BIYETTBB.  145 

The  pRESiDEiiT  enquired  whether  tbere  had  been  any  failnre  yet 
of  tny  of  the  ^w^orkin^  parts  in  the  trials  made  ^ith  the  rivetter. 

Mr.  GsAT  said  that  the  parts  which  were  expected  to  wear  out 
fint  were  the  piston  and  the  tool-head,  as  these  had  all  the  work 
upon  them  in  rivetting.  In  order  to  test  the  dnrabihty  of  these 
psrtB,  one  of  the  rivetters  had  been  pnt  to  work  with  only  a  small 
peoe  of  hard  steel  between  the  riretter  and  dolly,  delivering  its  fnll 
stroke  on  the  dolly,  and  hammering  away  at  the  rate  of  300  blows 
per  minute  without  any  intermission :  after  working  for  about  fifteen 
hoiVB  the  compression  catch  piece  at  the  back  end  of  the  dolly 
dropped  off,  a  part  not  then  in  use  but  shaken  off  by  the  mere  shock 
of  the  blows.  In  actual  work  this  shock  was  either  absorbed  almost 
entirely  by  the  plates,  or  was  transmitted  through  a  hot  rivet,  and 
therefore  had  not  this  destructive  effect.  The  experiment  was 
continued  until  the  piston  was  broken  across  at  a  packing  groove, 
after  having  given  about  4i00,000  blows.  The  pistons  were  now 
made  without  any  grooves  and  were  therefore  more  durable.  The 
tool-heads  were  now  the  first  parts  to  give  way,  and  required  to  be 
renewed  as  in  any  other  rivetting  machine.  The  pistons  and  tool- 
heads  were  easy  to  replace,  and  duplicates  of  them  were  supplied 
with  each  machine. 

The  Pbbsideht  moved  a  vote  of  thanks  to  Mr.  Wyllie  and  Mr. 
Gray  for  the  paper,  which  was  passed. 


The  following  paper,  by  Mr.  Charles  Hodgson,  of  Portarlington, 
lUnaging  Director  of  the  Derrylea  Peat  Works,  communicated 
throogh  Mr.  G.  Arthur  Waller,  was  then  read : — 


] 
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ON  THE  MANUFACTURE  OF  COMPRESSED  PEAT  FUEL. 


By  Mr.  CHARLES  HODGSON,  Of  Fobtablington. 


LnproTements  on  the  ordinary  mode  of  preparing  Peat  Fnel 
have  attracted  much  attention  for  many  years.  All  who  have 
considered  the  snbject  have  felt  that  the  chief  difficulty  lay  in 
diying  the  wet  peat  obtained  from  the  bog ;  and  to  accomplish  this 
nnmerons  plans  have  been  tried,  for  expressing  the  water  from  the 
saturated  peat  by  power,  or  eyaporating  it  by  artificial  heat  or  air 
corrents  after  baving  moulded  the  material  into  some  brick-like 
form.  Bat  none  of  these  methods  have  been  practically  snccessfrd, 
because  they  required  that  great  masses  oi  wet  peat  should  be 
manipulated  before  diying  ;  and  because  air-drying  the  moulded 
blocks  proved  too  slow,  and  artificial  drying  &r  too  costly  an 
operation. 

A  system  iprhich  had  in  it  the  elements  of  success  and  differed 
essentially  from  all  previous  plans  was  however  proposed  by 
GroyneU  and  others  about  fifteen  years  ago.  Their  idea  was  to  cut 
peat  in  the  ordinary  way  and  air-diy  it  to  the  extent  that  was 
possible  during  the  summer  in  the  climate  of  Ireland ;  then  to  grind 
it  and  complete  its  desiccation  whilst  in  a  state  of  powder ;  and 
subseqnently  to  compress  it  in  a  machine  provided  with  a 
reeiprocatiiig  ram,  and  several  moulds  capable  of  being  brought 
sacceBsively  under  the  ram.  A  beautifrd  sample  of  hard  fuel  was 
thus  obtained,  but  unfortunately  the  quantity  made  was  limited  to 
samples  ;  for  the  action  of  these  machines  with  their  moving 
moolds  ^was  complicated,  and  the  strain  on  the  parts  was  so  severe 
that  breaikages  were  of  constant  occurrence.  In  addition  to  these 
difficnlties  it  was  found  that  the  hard  and  perfect  article  desired 
oofold  only  be  produced  when  the  ram  was  made  actually  to  stand 
stin  at  the  furthest  point  of  its  stroke,  and  retain  the  block  of  peat 
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under  pressure  for  several  seconds.  The  longer  it  was  thns  held 
without  being  allowed  to  expand,  the  more  perfect  the  block  became ; 
but  if  the  pressure  was  removed  at  once,  as  in  the  case  of  an 
eccentric  of  uniform  motion,  however  slow,  the  elasticity  of  the  peat 
was  not  overcome,  and  more  or  less  of  cracking  and  abrasion  would 
take  place  within  the  next  few  hours.  But  in  the  course  of  these 
experiments,  tried  in  1850  to  1858,  the  fundamental  difficulty  of 
obtaining  a  large  and  constant  supply  of  dry  peat  was  never  even 
encountered,  because  the  compressing  machinery  never  stood  the 
test  of  actual  continuous  work.  Even  had  these  machines  been 
then  perfected,  it  would  soon  have  been  found  that  to  grind  peat 
already  fit  for  fuel,  and  afterwards  compress  it,  would  be  ruinous  in 
cost ;  and  that  to  dry  artificially  peat  taken  wet  from  the  bog  wonld 
absorb  all  the  foel  produced  and  leave  none  for  sale. 

The  practical  difficulties  which  beset  all  early  attempts  in  tbe 
manufacture  of  peat  fuel  have  now  however  been  overcome  by  the 
system  and  machinery  employed  at  the  Derrylea  Peat  Works,  near 
Portarlington,  where  the  manufacture  of  compressed  peat  fuel  has 
been  regularly  carried  on  for  some  time,  upwards  of  5000  tons  of 
the  compressed  peat  having  been  already  made  there  and  sold  in 
various  parts  of  the  country.  The  system  in  use  at  these  works  is 
based  on  the  principle  that  the  drying  of  the  peat  is  the  main 
difficulty  of  the  manu&cture  ;  and  this  is  accomplished  by  operating 
continually  on  thin  surfaces  of  disintegrated  peat,  instead  of  on 
compact  sods  or  blocks ;  while  the  compression  afterwards  employed 
is  used  only  as  a  means  of  rendering  the  already  prepared  peat 
transportable  and  marketable.  The  system  of  drying  by  thin  snr£Aces 
is  also  further  carried  out  by  the  plan  of  obtaining  the  peat  from 
the  bog  by  successive  harrowings  and  scrapings. 

In  Fig.  1,  Plate  35,  is  given  a  general  plan  of  the  Derrylea 
Peat  Works,  showing  the  mode  in  which  the  works  have  been  laid 
out.  The  portion  of  bog  at  present  operated  on  for  the  purpose  of 
obtaining  the  partially  dried  peat  powder  or  "  muD,"  which  forms 
the  raw  material  for  manufacture,  is  about  1200  yards  long  by  100 
yards  wide,  covering  24  statute  acres.    A  deep  head  drain  AA  cuts  off 
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Hum  area  finom  the  remainder  of  the  primitive  bog ;  and  it  ia  itself 
dzained  bj  transrerse  covered  shores  about  20  yards  apart,  as 
indicated  hj  the  dotted  lines  BB,  running  &om  this  head  drain  to 
another  main  drain  CC  parallel  to  it,  which  forms  the  opposite 
bofondarj  of  the  patch,  and  runs  in  fact  along  the  edge  of  the  bog 
and  &lls  into  the  natural  drainage  of  the  district.  The  covered 
shores  BB  are  simply  and  cheaply  formed  by  cutting  drains  in  the 
bog  about  4  feet  deep  and  2  feet  wide  at  the  top,  sloping  in  the 
sidfiB  so  as  to  leave  the  bottom  1  foot  wide  ;  in  this  bottom  a  square 
groove  about  6  inches  in  width  and  depth  is  formed  with  a  tool 
•dieted  for  the  purpose,  called  a  "  double- winged  slane."  Sods  cut 
Bqnare  from  the  top  of  the  bog  are  now  placed  across  the  top  of  this 
groove ;  and  the  peat  excavated  from  the  drain  is  again  filled  in  and 
levelled  on  the  surface.  These  drains  cost  about  2d.  per  yard,  and 
are  Tery  effective  ;  they  have  been  used  in  many  parts  of  Ireland 
in  draining  for  agricultural  purposes. 

A  railway  of  the  5  ft.  3  ins.  Irish  gauge,  formed  of  36  lbs.  T  rails 

well  fished  at  the  joints,  runs  along  the  centre  of  this  drained  piece 

of  bog,  being  50  yards  distant  from  each  of  the  main  drains  A  A 

asd  CC.    It  is  laid  on  sleepers  of  native  timber,  and  carries  an  8  ton 

locomotive  without  requiring  any  ballast  on  the  roadway.     On  these 

nils  runs  a  six-wheeled  truck,  24  feet  long,  substantially  built ;  and 

across  this  truck  is  laid  a  square  box-lattice  girder,  300  feet  long, 

reaching  over  the  entire  width  of  the  drained  ground,  as  shown  in  Figs. 

2  to  5,  Plate  36.     This  girder  is  formed  of  1^  inch  angle  iron  at  the 

comers,  latticed  on  each  of  the  four  sides  with  flat  bar  iron  I^  inch 

wide  by  |  inch  thick,  leaving  2  feet  spaces  ;  it  is  6  feet  square  at 

the  centre,  where  it  rests  on  the  truck,  and  tapers  to  I  foot  square 

at  each  end,  and  is  stayed  perpendicularly  and  laterally  by  wire 

lope  stays  DD  set  in  taut.     This  apparatus  is  propelled  by  a  6  horse 

power  portable  engine,  geared  down  5  to  I  to  the  wheels  ;  and  it  is 

worked  at  the  rate  of  about  4  miles  per  hour,  with  its  great  arms. 

stretching  over  the  bog  at  each  side  to  a  distance  of  150  feet. 

To  these  are  attached  ten  or  twelve  harrows,  each  6  feet  square,  which 

^  repeatedly  passing  over  the  ground  scarify  it  and  pulverise  the 

nr&ce  to  the  depth  of  from  1  to  2  inches.     This  operation  is 
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performed  during  any  moderately  fine  weather ;  and  in  tlie  mornings 
and  dnring  the  day  the  light  powdered  surface,  which  readily  dries 
to  a  certain  extent,  is  wheeled  by  men  to  the  side  of  the  railway  and 
wagoned  into  the  works  for  manufacture. 

In  dry  weather  the  upper  surface  of  the  bog,  thoroughly  drained 
as  it  is,  will  always  contain  much  less  water,  perhaps  less  than  half 
what  the  general  mass  retains  ;  and  as  by  this  mode  of  operation  a 
fvesh  upper  sur&ce  is  being  daily  exposed,  it  follows  that  peat  in  the 
most  favourable  state  for  drying  is  being  constantly  operated  on. 
As  soon  as  the  harrowing  begins,  rapid  air-drying  takes  place, 
and  a  very  large  portion  of  the  water  which  is  not  removed  by 
drainage  is  evaporated  by  a  few  hours'  exposure.  The  mull  when 
wagoned  into  the  factory  is  generally  found  to  consist  of  about  40  per 
cent,  peat  and  60  per  cent,  water.  This  may  be  considered  at  first 
sight  as  but  a  poor  result  to  attain ;  an  examination  however  of 
the  state  of  the  bog  in  its  various  stages  will  show  that  it  is  not  so, 
the  percentage  of  water  and  peat  contained  in  the  bog  being  as 
follows : — 

WATBB.  rXAT. 

In  its  primitive  state    90  10 

When  drained  as  described 84  16 

Upper  surface  of  drained  portion  75  25 

After  some  hours  of  an  average  dry  day  60  40 

Hence  in  any  method  which  commenced  by  working  with  the 

primitive  bog,  10  tons  of  material  must  be  dug  out  and  manufactured 

for  every  ton  of  fuel  obtained ;    and  if  merely  well  drained  bog  be 

used,  6  tons  must  be  carried  for  every  ton  produced.     But  in  the 

system  now  in  operation  it  will  be  seen  that  only  2^   tons  of 

material  are  required  to  make  the  1  ton  of  ^el,  all  the  remaining 

water  having  been  got  rid  of  before  the  peat  left  its  primitive 

position. 

Thus  far  the  atmosphere  may  be  relied  on  to  perform  the  difficult 
duty  of  drying ;  and  having  attained  to  the  state  of  not  more  than 
60  per  cent,  water  with  40  per  cent,  peat,  it  becomes  quite  possible 
to  employ  artificial  heat  with  economy  so  as  to  complete  the 
desiccation.     At  Derrylea  the  only  artificial  heat  used  is  that  which 
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is  obtained  from  the  waste  steam  of  the  compressing  engines,  and 
tlw  smoke  and  gases  from  the  boiler  fires,  which  wonld  otherwise 
pass  direct  np  the  chimn^.  These  are  applied  in  the  drying  kilns 
to  heat  yerj  extensive  snr&ces  formed  of  sheet  iron,  on  which  is 
spread  a  thin  layer  of  peat  mnll,  kept  in  continual  and  progressive 
motion  by  machinery. 

The  Drying  Kilns  are  shown  in  Figs.  6,  7,  and  8,  Plate  37,  and 
consist  of  fonr  long  chambers,  each-^OO  feet  long  by  16  feet  wide 
inside,  containing  an  npper  and  lower  floor  of  thin  sheet  iron  plates 
extending  the  entire  length,  as  seen  in  the  transverse  section, 
Fig.  7,  and  to  a  larger  scale  in  Fig.  10,  Plate  38.  The  walls  are  of 
brick,  and  the  kilns  are  roofed  with  tiles,  which  are  found  well 
suited  to  the  purpose,  giving  through  their  joints  sufficient 
ventilation,  and  being  themselves  good  non-conductors  of  heat. 
The  lower  floor  EB,  Figs.  9  and  10,  is  composed  of  J  inch  sheet  iron 
plates,  riyetted  together,  which  are  carried  at  a  height  of  18  inches 
aboTB  the  ground  by  a  number  of  clay  pipes  FF  set  on  end  at  about 
3  feet  distance  apart.  Underneath  this  floor  is  blown  the  smoke 
and  waste  heat  from  the  boiler  fires  ;  and  instead  of  the  ordinary 
cbmmey  a  large  &n  is  used  to  urge  the  fires  and  force  the  products 
of  combustion  under  the  floor  along  the  entire  length  of  the  kilns. 

The  npper  floor  QG,  Figs.  9  and  10,  is  4  feet  above  the  lower  one, 
and  is  made  double  for  the  purpose  of  being  heated  by  the  waste 
(team  from  the  engines.  It  is  composed  in  each  kiln  of  five  sheet 
iron  steam  chambers,  each  500  feet  long  and  3  feet  wide,  formed  of 
flat  plates  at  top  and  dished  plates  below,  as  shown  enlarged  in 
^igs- 11  and  12,  Plate  39,  the  two  plates  being  rivetted  together 
steam-tight  along  each  side  with  a  continuous  space  between  them 
^  inches  deep  in  the  centre.  These  steam  chambers  are  made 
of  sheet  iron  ^'inch  thick,  and  are  carried  on  cast  iron  girders  H 
placed  10  feet  apart ;  and  they  are  arranged  so  as  to  overlap  one 
soother  along  the  sides,  as  shown  in  the  full-size  section.  Fig.  13. 

An  angle  iron  rail  1 1,  Figs.  9  to  12,  runs  along  each  side  of  both 
the  upper  and  lower  floors,  at  about  3  inches  above  their  level ; 
ud  along  these  rails  run  the  wheels  JJ,  which  carry  the  endless 
<^luuQ8  E  and  the  iron  rakes  L  for  stirring  and  carrying  forwards 
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tbe  peat  mnll.  The  rakes  L  are  placed  at  interrak  of  4  feet,  aa 
shown  in  Fig.  9 ;  and  motion  is  given  to  them  in  the  directaon 
indicated  by  the  arrows  hy  means  of  the  hexagonal  drums  MM, 
round  which  the  endless  chains  K  pass  at  each  end  of  the  drying 
kilns,  whereby  the  rakes  are  kept  in  continnons  motion  at  the  rate 
of  about  100  feet  per  minute.  The  peat  mnll  as  brought  from  the 
bog  is  fed  on  to  one  end  of  the  upper  floor,  and  being  gradaaUj 
dragged  along  by  the  rakes  to  the  far  end  of  the  kiln  it  there  fsUs 
down  on  to  the  lower  floor,  along  which  it  is  then  brought  back  by 
the  rakes  in  the  same  manner.  During  this  drying  process  in  the 
kilns  almost  the  whole  of  the  60  per  cent,  of  water  which  the  mull 
contained  is  evaporated,  and  the  mull  is  then  in  a  flt  state  for 
being  compressed.  By  an  arrangement  of  bands  and  elevators,  the 
dried  mull  is  conveyed  into  a  lofl  over  the  engine  room.  Figs.  6 
and  7,  whence  it  descends  through  spouts  direct  into  the  mouths  of 
the  two  peat  presses  below. 

One  of  the  two  Peat  Presses  is  shown  in  Figs.  14  to  17,  Pktes 
40  to  42 ;  Fig.  14  is  a  longitudinal  section,  Fig.  15  a  plan,  and 
Figs.  16  and  17  are  transverse  sections  of  the  press. 

The  strong  cast  iron  frame  NN  carries  the  driving  shaft  0} 
which  is  7  inches  diameter,  and  has  forged  on  it  the  eccentric  P 
giving  a  7  inch  throw.  This  actuates  the  horizontal  ram  R  of  steel, 
4  inches  diameter ;  and  the  ram  moves  8^  inches  into  and  3^  inches 
out  of  the  breech  of  the  very  strong  steel  tube  S,  which  is  3  ft. 
6  ins.  long  with  4  inch  bore.  This  tube  is  made  of  Bessemer 
steel,  bored  cylindrical  throughout,  and  turned  down  outside  in  a 
series  of  cylindrical  steps  fitting  accurately  into  the  cast  iron 
block  T,  which  is  secured  to  the  frame  N  of  the  press.  The  spont  U 
brings  down  the  supply  of  peat  muU  from  the  loll  above,  and  the 
column  of  dry  mull  which  it  contains  rests  on  the  moving  ram  B  as 
it  enters  and  recedes  from  the  breech  of  the  tube  S.  At  each  back 
stroke  of  the  ram,  in  the  position  shown  in  Fig.  14,  a  portion  of  the 
mull  falls  down  and  fills  the  empty  space  which  has  been  left  from 
the  previous  forward  stroke  of  the  ram,  and  this  material  is  pushed 
by  the  ram  into  the  tube.     After  a  few  strokes  of  the  ram,  the  peat 
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driTen  forwards  in  the  tnbe  becomes  so  wedged  in  it  that  a  very 
poirerfiil  resistance  is  offered  by  the  friction  against  the  sides  of  the 
tobe :  80  powerful  indeed  that  each  successive  charge  is  consohdated 
ZDto  a  sqMkrate  hard  block  before  the  whole  mass  in  the  tnbe  yields ; 
snd  it  then  moyes  forwards  about  1|  inch,  that  being  the  length  of 
one  block  of  the  compressed  peat  formed  by  the  compression  of 
aboat  4  inches  length  of  peat  mull  at  each  stroke. 

The  outer  end  or  nozzle  of  the  tube  S  is  left  entirely  open,  and 
the  compressed  peat  is  delivered  firom  it  in  a  continuous  cylindrical 
bar,  which  readily  breaks  up  into  the  separate  discs  of  1|  inch 
thickness  each,  that  are  formed  one  at  each  stroke  of  the  ram. 
These  discs  weigh  ^  to  |  lb.  each,  and  about  forty  of  them  are  formed 
per  minute  by  as  many  strokes  of  the  ram.  As  the  tube  however  is 
3  ft.  6  ins.  long,  each  block  ronains  about  one  minute  under  pressure, 
which  is  an  essential  feature  of  the  process ;  and  the  quality  of 
the  compressed  peat  as  ^el  is  further  improved  by  its  being  made 
to  pM8  along  an  open  trough  continued  from  the  end  of  the  tube 
to  about  300  feet  length,  from  the  machine  to  the  peat  store  or 
wftgon,  Figs.  1  and  8,  without  rupturing  the  continuous  cylindrical 
bar  in  which  the  peat  issues  from  the  machine.  At  the  end  of  this 
trangh  the  separate  discs  of  the  peat  having  become  by  that  time 
loosened  fisJl  out  successively,  one  being  delivered  for  each  stroke 
of  depress. 

As  this  mode  of  preparing  the  peat  frees  it  so  completely  from 
nMngtoe,  it  is  natural  to  expect  that  its  dufy  as  friel  will  be  greatly 
improred  by  the  process  ;  and  it  is  accordingly  found  that  the  peat 
thus  prepared  is  capable  of  performing  nearly  double  the  work  of 
STerage  oonmion  peat,  and  from  60  to  66  per  cent,  of  the  duty  of 
good  ooal.  It  is  well  adapted  for  the  boilers  of  stationary  engines, 
^od  for  brewers'  work ;  and  has  found  a  ready  sale  for  household 
porposes,  its  great  cleanliness  and  freedom  from  smoke  being  a 
■trong  reoonmiendation.  The  stowage  room  required  is  just  the 
Mme,  weight  for  weight,  as  that  of  coal. 

A  very  good  gas  is  made  by  using  one  third  of  cannel  coal  and 
two  Uiirds  of  this  compressed  peat ;  but  it  is  probable  that  from  the 
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application  of  the  peat  to  the  manu&ctnre  of  iron  the  most  naefol 
results  will  yet  be  derived.  This  foel  has  already  been  applied  in  the 
cupola  for  casting  purposes  with  complete  success ;  and  although 
it  requires  peculiar  treatment,  yet  there  can  be  no  doubt  that, 
possessing  as  it  does  many  of  the  good  qualities  of  charcoal,  it  wiH 
become  rapidly  adopted  for  most  metallurgical  processes  whererer 
it  can  be  obtained. 


The  President  remarked  that  the  subject  of  the  paper  was  one 
of  great  importance  to  Ireland,  on  account  of  the  vast  extent  of 
peat  bogs  in  the  country ;  and  he  trusted  the  attempt  now  being 
made  to  utilise  the  peat  in  the  manner  that  had  been  described 
would  prove  practically  successful.  He  enquired  what  was  the 
cost  per  ton  at  which  the  compressed  peat  could  be  delivered  in 
Dublin,  and  whether  any  quantity  could  be  produced  that  was 
required. 

Mr.  Hodgson  replied  that  the  compressed  peat  was  now 
delivered  on  the  quay  side  in  Dublin  at  10«.  per  ton,  and  at  houses 
for  II9.  6d.  A  very  large  quantity  had  already  been  sold  in 
Dublin,  but  the  works  were  not  yet  sufficiently  extensive  to  turn 
out  more  than  a  limited  make  per  week,  say  about  180  tons. 

Mr.  W.  B.  Newton  enquired  whether  the  peat  had  been  tried 
for  the  manufacture  of  iron,  and  if  so  how  it  had  been  found  to 
stand  the  blast. 

Mr.  Hodgson  replied  that  the  peat  was  not  capable  of  standing 
the  blast  in  a  blast  j^mace,  but  it  had  been  employed  successfully 
for  melting  iron  in  reverberatory  furnaces;  it  was  used  for  that 
purpose  at  the  Derrylea  Works,  and  was  found  to  stand  very  well 
in  the  reverberatory  furnace  with  a  fan  blast. 

Mr.  W.  E.  Newton  thought  the  importance  could  not  be 
overrated,  to  Ireland  especially,  of  the  manufacture  of  peat  into 
such  a  state  that  it  could  be  made  commercially  useftil.  Various 
attempts  at  condensing  the  peat  into  solid  fuel  had  been  made ;  but 
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altbongli  io  those  onacqiiaEnted  with  the  nature  of  the  substaaoe 
its  preparation  miglit  appear  an  easy  task,  it  was  practicallj  one 
snnoonded  by  a  great  many  difficulties,  as  was  apparent  from  the 
descriptioQ  given  in  the  paper  that  had  been  read  of  the  process  of 
mannJactPTe  carried  ont  at  Derrylea.      He  was  glad   to  learn 
howerer  that  many  of  these  difficulties  had  now  been  overcome  in 
the  mode  of  manufacture  described  in  the  paper,  and  hoped  that 
farther  endeavours  would  be  made  to  bring  the  peat  into  such  a 
state  that  it  might  be  profitably  used  in  the  manufitcture  of  iron. 
Thus  fiir  the  peat  had  only  been  compressed,  which  did  not  appear 
to  be  enough  to  render  it  applicable  to  the  manufacture  of  iron ; 
as  ioft  that  purpose  it  required  to  be  converted  into  the  state  of 
eharooal,  so  as  to  enable  it  to  stand  the  blast.    As  regarded  the 
iftMinfactare  of  gas  firom  the  peat,  the  principal  difficulty  arose 
firom  the  &ct  of  the  peat  containing  so  large  a  quantity  of  oxygen, 
in  consequence  of  which  the  amount  of  carbonic  acid  gas  generated 
bj  the  distillation  of  the  peat  was  too  great  to  be  easily  eliminated 
from  the   earburetted    hydrogen    produced;    and    therefore    the 
attempts  hitherto  made  to  obtain  earburetted  hydrogen  gas  from 
peat  had  been  unsuccessful.    It  was  possible  however  he  believed 
to  drive  off  a  portion  of  the  oxygen  by  a  preliminary  process  of 
sligbily  charring   the   peat,    so   as  to  allow   of  the  subsequent 
distillation  of  the  earburetted  hydrogen  without  an  excessive  quantity 
of  oxygen  or  carbonic  acid ;  taking  care  however  that  the  heat 
employed  was  not  too  high,  otherwise  the  peat  would  be  converted 
into  charcoal  and  some  of  the  valuable  volatile  products  lost.     The 
maiwiikcture   of  gas   from  peat,   when  it  could  be  successfully 
tooofmplished,  would  be  attended  with  considerable  advantages, 
became  the  peat   contained  a  number  of  other  useful  products, 
sneh  as  peat  charcoal  and  peat  grease^  which  was  a  good  lubricator ; 
aad  theae  would  not  only  pay  for  the  manufacture  of  the  gas  but 
would  yield  a  sufficient  profit  in  addition. 

He  had  himself  paid  some  attention  a  few  years  ago  to  the 
qoflstion  of  the  manufacture  of  peat,  and  found  that  a  very  general 
interest  was  felt  in  the  subject  by  landowners  throughout  the 
kingdoiii,  pcurtieularly^  in  Ireland  and  Scotland.      Many  attempts 
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had  already  been  made  to  compress  peat,  and  to  expel  tlie  water 
from  it  hj  pressure ;  but  it  appeared  to  be  a  peculiarity  of  this 
substance  that,  notwithstanding  any  amount  of  pressure  that  was 
used,  it  was  not  possible  to  express  the  water  from  the  peat  beyond 
a  certain  percentage,  which  was  loose,  as  it  were,  amongst  tbe 
fibres.  The  only  truly  efficient  plan  of  getting  rid  of  the  water 
seemed  to  be  that  carried  out  at  the  works  described  in  the  paper, 
by  exposing  a  very  extensive  sur£Bi<$e  of  the  peat  to  the  atmosphere 
BO  as  to  allow  the  water  to  be  eyaporated.  He  had  seen  a  plan 
somewhat  similar  in  principle,  though  differing  in  detail,  sucoessfnlly 
carried  out  by  Mr.  Buckland  at  Greeyelea,  about  14  nulea  finom 
Sligo.  The  bog  was  first  drained  as  much  as  possible  by  trenches 
cut  through  it,  and  then  the  black  watery  and  greasy  peat  was 
taken  from  the  bottom  of  the  bog,  and  in  that  state  was  put  into  a 
conical  vessel  perforated  with  a  number  of  holes,  having  a  central 
shaft  with  a  broad-bladed  screw  and  radial  arms  upon  it.  This 
formed  a  sort  of  pug  null,  and  as  the  shaft  turned  round,  the  peat 
was  forced  out  through  the  small  holes  in  the  form  of  long  strings 
like  vermicelli,  and  in  this  finely  divided  state  a  very  large  quantiiy 
of  the  water  became  readily  and  quickly  evaporated  by  the  air. 
After  a  frirther  drying  by  passing  through  a  drying  chamber  the  peat 
was  finally  consolidated  in  a  press;  but  it  had  not  been  found 
necessary  to  employ  any  considerable  amount  of  pressure  for  the 
purpose :  a  handfdl  of  the  material  could  in  &ct  be  squeezed  by  hand 
into  a  sufficiently  solid  form  for  all  practical  purposes  to  which  it 
was  intended  to  be  apph'ed.  The  peat  might  therefore  be  said  to  be 
simply  moulded  into  shape  ^rather  than  compressed  ;  and  when  the 
moulded  blocks  had  been  further  dried  in  a  drying  chamber  and 
properly  charred,  it  was  found  they  would  bear  almost  any  amount 
of  blast  to  which  they  might  be  subjected  in  a  blast  furnace. 
This  process  of  peat  manufacture  was  already  being  carried  out  at 
Mr.  Danchell's  ironworks  at  Horwich  in  Lancashire,  and  also  at 
Creevelea,  to  a  sufficient  extent  to  prove  its  utility ;  and  he 
exhibited  a  piece  of  pig  iron  produced  at  Creevelea,  which  he 
considered  a  very  good  sample  of  iron.  It  was  made  from  iron 
ore  found  in  that  neighbourhood,  and  smelted  in  the  blast  furnace 


COMPBESSBD   FEAT  FUIL.  157 

with  peat  mann&ctured  according  to  this  process,  and  was  called 

Iijsh  charcoal  iron.      The  cost  of  production  was  estimated  at 

about  £1  ISs.  6d.  per  ton  of  pig  at  the  works,  exclusive  of  wear 

and  tear  and  interest  npon  capital ;  and  the  cost  of  bar  iron  made 

with  peat  charcoal  from  the  same  pig  iron  was  estimated  at  abont 

£4  11«.  per  ton  at  the  works,   or  £4  16$.  per  ton  delivered  on 

boaid  at  Sligo,  14  miles  distance.     The  cost  of  the  peat  charcoal  at 

the  works  was  abont  6s.  per  ton,  and  the  quantity  required  in  the 

Uaai  fimiace  was  abont  30  cwts.  per  ton  of  pig  iron  made,  and  in 

the  paddling  ftimaoes  abont  35  cwts.  per  ton  of  bar  iron  produced. 

The  steam  for  the  blast  engine  and  forge  engine  was  raised  by  the 

omnbnstion  of  the  waste  peat  left  in  the  process  of  mann&ctnre. 

Mr.  Hodgson  observed  that  the  process  jnst  described  for  peat 

mann&ctnre  confirmed  his  own  experience  as  to  the  chief  difficulty 

to  he  contended  with,  which  was  to  get  rid  of  the  water  contained 

in  the  peat ;  but  he  thought  the  plan  proposed  for  the  purpose  was 

open  to  much  objection.      For  by  taking  the  peat  wet  from  the- 

boiiom  of  the  bog,  8  or  9  tons  of  water  had  to  be  handled  for  every 

ton  of  peat  afterwards  made ;  and  the  solidification  of  the  peat  into 

blockB,  after  its  fine  subdivision  by  the  ingenious  process  that  had 

been  mentioned,   depended   upon  the   evaporation  of  this   large 

quantity  of  water  by  artificial  means.     Artificial  drying  however 

could  only  be  produced  either  by  the  direct  application  of  heat,  as 

at  Derrjlea,  or  by  an  air  blast,  which  must  be  generated  by  steam 

power  and  would  therefore  involve  consumption  of  fiiel.    Supposing 

the  wet  peat  frx>m  the  bog  to  contain  only  8  tons  of  water  per  ton 

of  peat,  then  there  must  be  at  least  7  tons  of  water  dried  out  of  it 

before  it  could  be  consolidated ;  and  in  order  to  derive  any  profit 

from  the  manufacture,  it  would  be  necessary  that  1  ton  of  peat 

Bhonld  not  merely  be  capable  of  being  economically  applied  to  dry 

out  7  tons  of  water,  but  that  it  should  also  leave  a  sufficient  surplus 

of  fnel  for  sale,  which  was  evidently  altogether  impracticable.     For 

ii  was  not  bad  duty  for  a  Cornish  boiler  to  evaporate  7  tons  of 

wsier  with  1  ton  of  coal  of  the  ordinary  kind ;  and  peat  was  not 

10  good  a  fuel  as  coal,  and  the  mode  of  its  application  to  drying 

purposes  could  not  be  so  advantageous  as  when  used  under  a  boiler. 
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la  the  maimfactare  of  peat  at  Derrylea  the  bog  was  first  drained 
as  much  as  possible,  which  would  of  course  be  done  in  anj  case, 
whateyer  process  of  mannfactnre  were  adopted.  But  instead  of 
taking  the  wet  peat  from  the  bottom  of  the  bog,  a  thin  portion  of 
the  snr&ce  only  was  operated  npon,  which  was  always  the  driest ; 
and  by  repeatedly  harrowing  this  over,  the  peat  was  so  &r  dried  bj 
the  exposure  to  the  air  that  it  was  obtained  from  the  bog  with  onlj 
1^  ton  of  water  per  ton  of  peat,  making  only  2\  tons  total  weight 
to  be  handled,  the  rest  of  the  water  having  been  evaporated  out  bj 
the  atmosphere,  before  any  artificial  drying  was  attempted.  Until 
this  advantage  was  gained  of  obtaining  the  peat  dried  to  tbat 
extent  by  natural  means,  he  did  not  think  there  was  any  use  in 
attempting  to  dry  the  peat  artificially ;  but  when  the  peat  was 
already  brought  by  natural  drying  to  such  a  state  that  it  contained 
only  1^  ton  of  water  per  ton  of  peat,  then  it  was  practicable,  with 
1  ton  of  peat  to  expend,  both  to  get  rid  of  this  remaining  1^  ton  of 
water  and  to  have  stiU  a  large  proportion  of  the  peat  left  for  canying 
on  the  manufacture  said  for  sale.  This  was  what  had  been  found  to 
be  the  case  in  the  actual  working  of  the  system  at  Denylea,  and 
the  plan  there  carried  out  was  the  only  one  at  present  he  believed 
that  had  stood  the  test  of  actual  commercial  manufacture,  the  other 
process  that  had  been  referred  to  not  having  yet  been  carried  so  &r 
as  the  actual  manufacture  of  the  peat  for  sale. 

The  PsESEDENT  remarked  that  in  reference  to  the  use  of  peat 
for  the  manufacture  of  iron  he  remembered  a  small  quantity  of  iron 
being  manufactured  with  peat  only  at  the  Muirkirk  Iron  Works  in 
Ayrshire  about  twenty-five  years  ago :  it  was  made  for  the  axles  of 
carriages,  and  proved  &r  better  than  any  other  iron  manu&ctored 
at  that  time  either  in  England  or  Sweden. 

Mr.  I.  Smith  enquired  whether  the  peat  had  been  tried  for 
the  manufacture  of  lighting  gas,  and  what  was  found  to  be  the 
illuminating  power  of  gas  made  firom  peat  alone.  He  understood 
that  in  some  parts  of  Germany,  where  the  only  fuel  to  be  had  was 
wood,  it  had  been  endeavoured  to  obtain  from  wood  a  lighting  gas ; 
but  this  being  nearly  all  hydrogen  was  of  a  very  poor  illuminating 
quality.    A  plan  had  however  been  devised  by  liebig  for  increasing 
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its  iUiiiiuiuituig  power  by  passing  it  a  second  time  throngli  the 
retortB ;  for  it  appeared  that  the  heat  which  was  sufficient  to  distil 
the  lighting  gas  in  the  first  instance  from  the  wood  was  not  enough 
to  deoompoee  the  carbonaceoos  parts  of  the  wood ;  but  by  first 
distflhng  off  the  gas  at  this  moderate  temperature,  and  afterwards 
increasing  the  heat  to  such  an  extent  as  to  get  the  carbonaceous 
portion  of  the  wood  decomposed,  the  gas  on  being  then  passed  a 
second  time  through  the  retorts  took  up  sufficient  carbon  to  give 
it  a  high  illuminating  power.  By  this  means  a  very  beautiful 
Hghimg  gas  was  produced,  almost  equal  to  that  obtained  from 
cannel  coal,  and  without  any  of  the  ill  effects  of  sulphur;  and 
Berend  towns  in  Ckrmany  were  now  lighted  with  gas  produced 
in  this  manner  from  wood.  As  peat  had  the  same  advantage 
of  freedom  from  sulphur,  he  thought  it  would  be  a  great  benefit 
if  it  could  be  made  to  yield  such  a  gas  for  illuminating 
poipoBes. 

Mr.  HonosoH  replied  that  they  had  put  up  a  smaU  gas  apparatus 
it  Denylea,  which  was  employed  successfully  for  lighting  the  works. 
k  mixture  was  used  of  two  thirds  peat  and  one  third  cannel  coal, 
•ad  the  gas  produced  from  this  mixture  compared  advantageously 
in  ilhnniiiatiwg  power  with  the  ordinary  coal  gas  made  in  Dublin, 
while  the  quantity  made  exceeded  he  believed  that  obtained  from 
oofti  alone.  He  had  heard  of  the  process  that  had  been  mentioned 
for  ioereasing  the  illuminating  power  of  gas  obtained  from  wood, 
sod  hoped  to  try  it  shortly  with  the  peat ;  hitherto  the  main  object 
had  been  to  torn  out  a  sufficient  quantity  of  manufactured  peat  for 
commercial  purposes,  and  having  now  succeeded  in  doing  this,  he 
hoped  farther  to  perfect  the  various  uses  to  which  the  peat  could 
he^iphed. 

The  Pbbsident  enquired  whether  the  sheet  iron  floors  of  the 
drying  chambers  had  been  found  to  become  corroded  by  the 
constant  passage  of  the  peat  over  them. 

Kr.  Hodgson  repHed  that  the  drying  chambers  had  been  in  use 
oontmnoasty  ever  since  their  erection  fifleen  months  ago,  and  the 
ikon  did  not  show  anj  signs  of  wear  or  corrosion.  He  had  not 
nok  the  inside  of  tliem  since  they  were  put  up,  but  the  outside  was 
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as  smooth  and  clean  as  possible,  and  there  were  no  signs  of  any 
corrosion  having  occurred ;  the  thickness  of  the  plates  was  only 
l-8th  inch. 

Mr.  W.  E.  Newton  enquired  how  long  the  peat  was  in  passing 
through  the  drying  chamber. 

Mr.  Hodgson  believed  the  time  occupied  by  each  portion  of  the 
peat  in  passing  through  the  drying  chamber  to  the  extremity  and 
back  again  was  about  from  1  to  1^  hour. 

Mr.  H.  W.  Harkan  enquired  whether  the  form  in  which  the  peat 
was  now  exhibited  of  circular  discs  was  the  form  in  which  it  was 
supplied  for  commercial  purposes ;  and  what  space  the  compressed 
peat  occupied  per  ton. 

Mr.  Hodgson  replied  that  the  peat  was  supplied  in  the  form  of 
discs,  like  the  specimen  exhibited,  4  inches  diameter  and  rather 
more  than  1  inch  thick,  and  1  ton  of  the  peat  in  that  form  occupied 
about  44  cubic  feet  in  ordinary  stowage  without  packing.  It  was 
delivered  in  Dublin  in  the  ordinary  coal  sacks  used  for  delivering 
coal ;  the  sacks  were  filled  rather  fuller  with  the  peat  than  with 
coal,  and  were  reckoned  at  sixteen  sacks  per  ton. 

Mr.  J.  Fernie  suggested  that  it  would  be  preferable  if  the  form 
of  the  peat  discs  were  made  hexagonal  or  square,  so  as  to  allow  of 
packing  them  without  loss  of  space  between. 

Mr.  Hodgson  said  that  if  the  peat  discs  were  made  hexagonal 
or  square  it  would  be  necessary  to  pack  them  by  hand  in  order  to 
obtain  the  benefit  of  saving  the  space  between;  and  it  would 
then  be  found  practically  that  the  expense  of  packing  would 
counterbalance  the  advantage  of  the  space  saved. 

Mr.  J.  Kennan  enquired  whether  any  attempt  had  been  made  to 
harrow  the  surface  of  the  bog  by  employing  wire  ropes  to  draw  the 
harrows  in  a  similar  manner  to  the  plans  adopted  for  working 
agricultural  implements,  instead  of  using  the  long  grirder  firame 
travelling  over  the  bog  and  having  the  harrows  attached  to  it,  as 
described  in  the  paper;  or  whether  the  use  of  wire  ropes  was 
considered  to  be  attended  with  any  practical  disadvantage  for 
the  present  purpose.  He  asked  also  whether  the  final  form  of 
discs,    in  which   the  peat  was  supplied,   was    produced  by  the 
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compression  alone,  or  whether  there  was  any  further  drying  process 
sufaBe^ent  to  the  compression,  and  what  percentage  of  water 
remained  in  the  peat  after  its  mannfactore  into  the  discs  supplied 
£}r  sale;  and  also  what  had  been  found  to  be  the  durability  of  the 
steel  cylinder  in  which  the  peat  was  compressed. 

Ur.  HoDQsoN  replied  that  he  had  consulted  the  late  Mr.  Fowler 
respecting  the  application  of  ropes  for  working  the  harrows  over 
the  bog,  bat  that  plan  had  never  been  tried  for  the  purpose,  as  it 
was  fonnd  it  would  be  so  expensiye ;  and  the  present  mode  of 
working  with  the  long  girder  was  so  much  more  simple  and 
appeared  so  much  better  adapted  to  the  circumstances  of  the  case 
that  it  was  adopted  instead,  and  had  proved  perfectly  successful. 
With  regard  to  the  drying  of  the  peat,  there  was  not  any 
subsequent  drying^  after  compression,  and  the  dried  muU  from  the 
drying  chamber  that  was  supplied  to  the  peat  press  was  as  dry  as 
it  was  required  for  conunercial  purposes.  He  did  not  know  with 
oertainty  what  average  quantity  of  water  then  remained  in  the 
pttt,  but  it  was  not  more  than  6  or  7  per  cent,  and  frequently 
much  less. 

In  reference  to  the  durability  of  the  steel  tube  in  which  the 
psat  was  compressed,  the  first  portion  of  the  tube  where  the  disc  of 
peat  was  formed  by  the  pressure  of  the  ram  became  worn  away 
I-8U1  inch  all  round  in  three  weeks'  working.  It  was  then  taken 
out  and  a  spare  tube  substituted,  while  the  first  tube  was  bored  out 
St  the  mouth  and  a  steel  bush  put  in ;  the  cost  of  doing  this 
ftnoonted  to  about  15«.  or  16^.,  and  it  required  to  be  done  every 
ibee  weeks.  The  entire  tube  required  to  be  bored  out  and  bushed 
iluviighout  its  whole  length  about  once  every  four  months.  The 
>ttie  outside  tubes  were  still  at  j^ork  that  had  been  employed 
at  starting  two  years  ago,  although  they  had  been  repeatedly 
boshed  in  working.  The  outer  end  of  the  tube  was  prolonged  and 
horned  down  to  3-8th8  inch  thickness,  as  shown  in  the  drawing 
(Pigs.  18  and  19,  Plate  42),  and  then  split  up  with  four  saw 
ciitB;  and  a  tightening  clamp  was  placed  upon  it  with  screws 
for  tightening  it  up,  so  that  the  tube  could  be  slightly  contracted 
tc^wards  that  end.      The  peat  when  it  got  past  the  solid  part 
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of  the  tabe  had  a  tendency  to  expand  sliglitlj,  and  this 
expansion  was  connteracted  and  a  slightly  increased  pressure 
pnt  npon  the  peat  by  tightening  the  clamp  upon  the  tabe; 
by  this  means  also  the  resistance  offered  to  the  ram  of  tlie 
press  was  regulated  to  a  certain  extent.  Withont  the  power  of 
increasing  or  diminishing  the  friction  in  the  tabe  in  this  maDner, 
as  might  be  required,  it  might  occasionally  happen  from  variations 
in  the  state  of  the  peat  that  there  was  too  much  or  too  little 
pressure  upon  the  peat  in  the  formation  of  the  discs.  If  the 
rnnll  were  of  rather  a  light  quality,  and  the  clamp  were  not  on,  it 
sometimes  happened  that  the  column  of  peat  would  slip  in  the 
tube,  so  that  the  pressure  against  the  ram  ceased ;  but  by  then 
tightening  up  the  clamp  the  resistance  was  increased  nntil  the 
pressure  was  brought  up  again  to  the  point  necessary  for  the 
proper  formation  of  the  discs. 

The  Prbsidekt  enquired  whether  the  ram  of  the  press  was  found 
to  wear  as  rapidly  as  the  tube,  and  how  it  was  repaired  when  wont 

Mr.  HoDOSOif  replied  that  the  end  of  the  ram  became  worn  a 
little  all  roxmd  the  edge  in  about  the  same  time  that  the  month  of 
the  tube  required  to  be  rebushed ;  and  the  face  of  the  ram  was 
then  '^jumped  up'^  by  heating  it  and  hammering  it  np  to  the  fall 
size  of  &ce,  afler  which  it  was  turned  and  &ced  again  in  the  lathe. 

Mr.  P.  W.  Webb  su^ested  that  the  bushes  of  the  tube  and  the 
&ce  of  the  ram  znight  be  casehardened,  in  order  to  render  them 
niore  durable. 

Mr:  Hodgson  said  the  bashes  in  the  tube  were  aU  casehardened, 
but  he  had  not  yet  tried  casehardening  the  ram  also. 

Mr.  J.  Bamsbottoh  enquired  whether  chilled  cast  iron  had  been 
tried  for  the  bushes  of  the  tube>^  he  thought  that  would  be  a  better 
and  more  durabde  material  for  the  purpose  jbhan  steel. 

Mr.  HoDOSON  said  he  had  not  tried  chilled  cast  iron  for  the 
bushes,  but  he  had  thought  of  making  the  whole  length  of  the  tabe 
of  chilled  cast  iron,  by  casting  it  upon  a  hollow  mandril  filled  with 
cold  water. 

Mr.  J.  Bamsbottom  observed  that  there  would  be  some  objection 
to  making  the  long  tube  itself  of  chilled  oast  iron,  as  it  wonld  then 
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have  to  be  gronnd  out  afterwards,  wliich  wonld  be  a  tronblesome 
operation  in  a  tube  of  that  length  ;  nnless  indeed  it  were  not  chilled 
80  hard  as  to  prevent  its  being  bored  out  in  the  usnal  manner. 

With  regard  to  the  mode  of  finally  drying  the  peat  mull  in  the 
cbrjing  chambers,  he  thought  there  mnst  be  a  considerable  amonnt  of 
oxidation  on  the  steam  side  of  the  plates  composing  the  hollow  floors, 
and  being  only  l-8th  inch  thick  they  conld  scarcely  be  expected 
to  prore  yery  durable  ;  and  he  enquired  whether  the  use  of  hot  air 
had  been  tried  for  drying  the  peat,  to  avoid  having  to  make  use  of 
steam  for  the  purpose.  He  suggested  also  that  by  the  use  of  hot 
air  the  arrangement  of  travelling  scrapers  for  carrying  the  peat 
along  the  floor  of  the  chamber  might  be  dispensed  with,  by  carrying 
the  peat  upon  an  endless  belt  travelling  in  the  opposite  direction . 
to  the  current  of  heated  air. 

Hr.  Hodgson  replied  that  he  had  tried  drying  the  peat  by 
Mowing  a  current  of  hot  air  through  it,  but  there  were  practical 
difficulties  in  the  way  of  carrying  out  that  plan,  and  the  air  blew 
ft^aj  a  great  deal  of  the  finer  portion  of  the  peat  powder,  causing  a 
Mnoos  waste ;  and  that  mode  of  drying  had  not  been  found  to 
answer  so  well  as  the  exposure  of  the  peat  in  a  thin  layer  with  a 
large  extent  of  sur&ce,  as  was  now  done  in  the  drying  chambers 
with  the  hollow  floors  heated  by  steam.  He  did  not  think  it  would 
be  advisable  to  dispense  with  the  scrapers  now  employed  for 
•ciaping  the  peat  along  the  floors  of  the  drying  chambers,  because 
then  the  peat  would  not  be  stirred  at  all ;  and  if  carried  upon  an 
endless  band  it  would  go  forwards  in  the  exact  position  in  which  it 
&]]  upon  the  band,  and  would  not  receive  that  continuous  stirring 
which  was  so  essential  a  feature  of  the  present  arrangement, 
exposing  constantly  a  fresh  surface  to  be  dried  by  the  heat. 

The  President  enquired  what  extent  of  bog  was  now  being 
worked  over  with  the  harrows  under  the  system  described  in  the 
paper,  and  whether  the  working  had  been  confined  to  one  part  of 
the  bog  or  had  been  carried  on  in  diflerent  places.  He  asked  also 
whether  the  bog  was  found  to  sink  much  after  being  drained. 

Mr.  Hodgson  said  the  working  had  been  confined  hitherto  to 
^"OB  portion  of  the  bog,  of  about  twelve  acres,  which  was  not  yet 
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half  exhausted  after  two  years  working.    After  draining  the  bog 
in  the  first  instance  it  sank  MI7  one  third  of  its  depth. 

Mr.  J.  WHrrLET  enquired  whether  anj  nse  had  been  made  of 
the  ashes  after  bnming  the  peat ;  he  thonght  they  wonld  be  found  | 
very  beneficial  in  smelting  iron,  by  mixing  them  with  the  fuel  in  ^ 
the  blast  fnmace. 

Mr.  Hodgson  replied  that  he  had  kept  the  ashes  made  at  tibe       ] 
works  from  the  peat  bnmt  in  the  fiimaces,  thinking  they  miglit 
perhaps  be  sold  at  a  low  price  for  agricnltnral  purposes ;  bat  lie 
had  not  supposed  that  any  application  could  be  made  of  them  in 
connection  with  smelting  iron. 

The  PBESiDEirr  proposed  a  yote  of  thanks  to  Mr.  Hodgson  for 
his  paper,  which  was  passed. 


The  Meeting  was  then  adjourned  to  the  following  day.  In  the 
afternoon  the  Members  were  conveyed  by  free  train,  by  the  kindness 
of  the  Dublin  and  Wicldow  Railway  Company,  to  Carrickmines,  to 
visit  the  Lead. Smelting  Works  of  the  Mining  Company  of  Ireland 
at  BaUycorus,  where  they  were  shown  the  various  operatians 
connected  with  the  smelting  of  the  lead  ore  and  the  separation  of 
the  silver,  the  manufacture  of  sheet  lead,  lead  pipes,  and  red 
lead,  the  refining  of  the  silver  extracted  from  the  lead,  and  the 
manufiMsture  of  shot  at  the  shot  tower.  The  Members  were 
hospitably  entertained  at  the  works  by  the  directors  and  officers 
of  the  Mining  Company ;  and  afterwards  returned  to  Dublin  by 
free  train. 

In  the  evening  the  Members  were  invited  by  the  Local 
Committee  to  a  Conversazione  at  the  International  Exhibition, 
which  was  specially  lighted  up  for  the  occasion.  In  the  machinery 
department,  the  portable  steam  rivetter  described  at  the  meeting 
was  shown  in  operation,  rivetting  plates  of  ^  inch  thickneBS  with 
I  inch  rivets. 
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The  AdjoTinied  Meetiiig  of  the  Members  was  held  in  the 
Xtxaminatioxi  Sail,  Trinity  College,  Dublin,  on  Wednesday,  2nd 
Angiut,  1865  ;   Sobsbt  Napibb,  Esq.,  President,  in  the  Chair. 

The  follo^wixig  paper,  by  Mr.  Thomas  Ombb,  of  Dublin, 
BngmeBT  to  tlxe  Bank  of  Ireland,  communicated  through  the 
PreaideiLt,    waa    read:— 
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DESCRIPTION  OF  THE 

bank-note    printing   MACfllNB 

AT  THE  BANK  OP  IRELAND. 


By  Mr.  THOMAS  GBUBB,  of  Dublin. 


In  the  mannfactnre  of  Bank  Notes,  the  printing  has  nsnalljbeen 
accomplished  from  engrayed  plates,  as  affording  a  better  protection 
against  £randnlent  imitation;  bnt  the  slowness  and  consequent 
increased  expense  of  this  manner  of  printing,  as  compared  with 
ordinary  type  or  snrface  work,  have  led  in  some  instances  to 
the  abandonment  of  the  finer  and  better  protectiye  process. 
Improvements  of  a  minor  character  have  been  made  firom.  time  to 
time  in  the  presses  nsed  for  printing  from  engraved  plates ;  and 
the  note-printing  press  of  the  late  Mr.  John  Oldham,  long  in  nse 
in  the  Bank  of  Ireland  and  subsequently  in  the  Bank  of  England, 
may  be  mentioned  as  perhaps  the  best  example.  But  any  attempts 
to  abridge  the  labour  and  time  of  the  operation  by  inking  the 
engraved  plates  by  means  of  machinery  appear  to  have  fiuled 
entirely,  previous  to  the  construction  by  the  writer  of  the  machine 
to  be  described  in  the  present  paper. 

The  process  of  printing  from  an  engraved  plate  may  be  considered 
as  divided  into  three  separate  portions,  namely  :  first,  the  inkinig  of 
the  plate ;  second,  the  wiping  of  the  plate ;  and  third,  the  taking 
of  the  impression,  including  laying  and  removing  the  paper.  All 
these  are  usually  performed  by  hand,  excepting  the  actual  taking  of 
the  impression  by  the  press;  and  each  of  the  three  operations 
occupies  about  the  same  time  in  performance,  in  consequence  of 
which  all  three  operations  are  arranged  to  be  proceeded  with 
simultaneously  in  the  machine  about  to  be  described. 
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The  Bank-Note  Printing  Macbine  is  shown  in  Figs.  1  and  2, 
Plaies  43  and  44 ;  Fig.  1  is  a  side  elevation,  and  Fig.  2  a  vertical 
section  taken  at  right  angles  to  Fig.  1. 

The  machine  consists  of  a  horizontal  polygonal  cylinder  A, 
iigs.  1  and  2,  of  twenty  sides,  on  ten  of  which  are  held  the  ten 
engraved  plates  from  which  the  notes  are  to  be  printed.  These 
ten  engraved  plates  are  held  in  position  in  dovetails  formed  by  ten 
plain  plates  screwed  npon  the  ten  intermediate  sides  of  the  polygon. 
The  plates  and  polygon  are  maintained  at  the  proper  temperature 
fbr  working  by  steam  admitted  inside  the  hollow  polygon  through 
the  hack  bearing  B,  Fig.  2. 

At  the  ordinary  rate  of  working,  each  impression  occupies 

10  seconds ;  and  the  polygon  is  held  stationary  during  8  seconds  of 

the  time,  and  dming  the  remaining  2  seconds  it  is  turned  round 

throfogh  1-lOth  of  a  revolution,  in  the  direction  shown  by  the  arrow 

in  Fig.  1,  so  as  to  bring  the  next  engraved  plate  to  the  top  for  being 

printed  from.     During  the  8  seconds  that  the  polygon  is  stationary, 

the  undermost  plate  at  G  is  inked  by  the  machine,  the  uppermost 

piste  at  D  is  printed  from,  and  the  plate  at  E  has  the  wiping  of  its 

sorfaoe  completed.     The  machine  requires  two  attendants,   one 

standing  in  the  box  F,  who  lays  the  paper,  removes  it  after  being 

ptinted,  and  observes  that  the  work  is  proceeding  satisfikstorily ; 

while  the  other  g^ves  the  final  wiping  by  hand  to  the  sur&ce  of 

esch  pLite  as  it  comes  into  the  position  E,  Fig.  1 .     The  greater 

portion  of  the  superfluous  ink  is  wiped  off  by  the  machine,  thereby 

lessening  the  labour  of  the  final  wiping  by  hand ;  this  is  done  by 

meaoa  of  the  wiping  roller  G,  on  which  is  woxmd  a  length  of  cotton 

doth  This  wiping  roller  is  stationary  while  the  polygon  is  at  rest ; 

hot  on  the  polygon  beginning  to  move,  the  roller  presses  against 

the  surface  of  the  previously  inked  plate,  and  by  turning  in  the 

opposite  direction  wipes  off  the  superfluous  ink.    YHien  the  sur&ce 

of  tiiia  roller  becomes  surcharged  with  ink,  a  length  of  the  cotton 

c^oth  upon  it  equal  to  one  round  is  torn  off.     By  the  revolution 

of  the  polygon  therefore  each  plate  on  arriving  at  the  bottom 

at  C  is  inked,  and  as  it  proceeds  upwards  is  first  partially  wiped 

hf  the  machine  at  O,  and  afterwards   finally  wiped    by  hand 
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at  E,  and  on  amving  at  the  top  is  printed  from  hy  the  piintmg 
roller  D. 

Several  special  contrivances  are  required  for  producing  the 
respective  actions  of  the  machine,  the  principal  of  which  are  the 
apparatus  for  locking  and  taming  the  polygon,  and  for  the  motioiu 
of  the  printing  roller,  and  the  inking  apparatus. 

At  each  printing  the  polygon  is  subjected  to  a  heavy  strain  by 
the  vertical  pressure  of  the  printing  roller  D,  Fig.  1,  tending  to 
turn  it  first  in  one  direction  and  then  in  the  opposite  direction 
alternately,  as  the  printing  roller  passes  over  from  one  side  of  the 
centre  to  the  other ;  it  therefore  requires  to  be  very  firmly  locked 
during  the  time  that  it  has  to  be  held  stationary  for  printing. 
This  is  effected  by  the  locking  lever  H,  which  being  lowered  by  its 
cam  inserts  the  steel  tooth  I  into  one  of  the  ten  spaces  round  the 
circumference  of  the  polygon.  The  turning  of  the  polygon  through 
one  tenth  of  a  revolution  between  each  printing  is  accomplished  by 
the  levers  and  cams  K  K  and  L  L ;  one  of  these  levers  K  alternately 
withdraws  and  protrudes  the  tooth  J,  while  the  other  L  moves  the 
carrier  box  M  through  the  required  arc.  The  action  of  the  levers 
H  and  K  is  so  arranged  that  as  the  tooth  of  the  locking  lever  is 
withdrawn  that  of  the  turning  lever  enters  the  toothed  circular 
plate  N  and  vice  versd.  The  polygon  is  thus  sure  to  be  duly  acted 
upon,  and  always  under  restraint,  thereby  ensuring  against  risk  of 
accident,  which  might  occur  if  ordinary  means  were  employed  for 
turning  the  polygon. 

For  working  the  printing  roller  D,  Figs.  1  and  2,  the  ordinaiy 
method  of  causing  it  to  roll  up  an  inclined  plane  into  contact  with 
the  plate  was  inadmissible  in  the  present  machine,  and  the  following 
arrangement  has  been  adopted  for  the  purpose  instead.  The  roller 
is  first  caused  to  descend  vertically  at  the  proper  time  and  with  a 
sufficient  pressure  upon  the  plate,  on  which  the  paper  to  be  printed 
is  previously  laid :  next  the  roller  is  carried  horizontally  over  the 
sur&ce  of  the  plate,  to  produce  the  impression ;  and  thirdly  it  is 
raised  from  the  plate  and  withdrawn  to  its  first  position.  The 
motion  of  the  centre  of  the  roller  is  therefore  as  shown  by  the  dotted 
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line  P  Q  B  in  Fig.  3,  Plate  45  ;  and  this  motion  is  produced  in  the 

foDowing  manner.     The  vertical  descending  movement  from  P  to  Q 

is  effected  bj  the  long  trassed  rod  0  and  its  donble  cam,  acting  on 

the  beU-crank  S  and  toggle-lever  joint  T.     The  horizontal  traverse 

from  Q  to  B  is  produced  by  the  printing  cams  and  their  levers  U 

actmg  upon  the  sectors  Y,  Figs.  2  and  3.   These  sectors  roll  against 

inrerted  straight  edges  W,  and  the  bearings  of  the  printing  roller  D 

being  concentric  with  the  arcs  of  the  sectors  Y,  the  roller  is 

tnvened  horizontally  over  the  engraved  plate.     The  curved  motion 

from  B  to  P,  in  withdrawing  the  printing  roller  and  returning  it  to 

its  original  position,  is  produced  by  the  joint  action  of  the  two  sets 

of  cams.    The  blocks  W,  against  which  the  sectors  Y  roll,  slide 

vertically  in  grooves  in  the  side  frames  of  the  machine;    the 

mideraide  of  these  blocks  is  faced  with  a  flat  sur&ce  of  hardened 

steel,  against  which  rolls  the  upper  segmental  surface  of  the  sectors, 

which  is  also  made  of  hardened  steel.     These  steel  bearing  surfaces 

are  retained  in  contact  by  the  spiral  springs  X,  Fig.  2,  which  carry 

the  weight  of  the  sectors,  the  printing  roller,  and  the  levers  U. 

The  sectors  are  prevented  from  slipping  in  rolling  against  the 

^^^^^  W,  by  means  of  bridle  levers,  which  admit  of  motion  in 

other  directions,  but  prevent  sHpping.    An  endless  sheet  of  flannel  Y 

passes  round  the  printing  roller  D  and  over  the  guide  rollers  Z 

above,  travelling  in  the  direction  shown  by  the  arrows  in  Fig.  3 ; 

the  upper  rollers  Z  are    carried  by  the    sectors  Y  and    slide 

blocks  W. 

The  inking  of  the  engraved  plates  is  performed  by  the  inking 
roller  G,  Figs.  1  and  2.  Upon  the  capability  of  the  machine  to 
ink  the  engraved  plates  effectively  depends  its  usefulness;  and 
herein  lay  the  main  difficulty,  and  the  reason  of  the  &ilure  of 
pierions  attempts  at  improvement.  The  difficulty  was  much 
enhanced  by  the  circumstance  that,  in  using  the  ink  applicable  to 
engraved  plates,  a  portion  of  it  becomes  thickened  and  unfit  for 
inunediate  use.  In  the  ordinary  hand-inking  this  thickened  ink 
coDects  in  a  ring  on  that  part  of  the  dabber  which  barely  comes 
into  contact  with  the  plate  during  the  inking ;  and  this  requires  to 
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be  removed  occasionally  firom  the  dabber  by  a  knife  or  scraper, 
otherwise  by  its  mixing  with  the  fresher  ink  the  quality  of  the  work 
wotdd  be  injured.  In  experiments  made  preliminary  to  oonstmci^g 
the  present  machine,  a  cylindrical  roller  was  used  for  inking  the 
plates  by  hand,  and  was  supplied  with  ink  from  a  perforated 
surface,  through  which  the  ink  was  caused  to  exude ;  and  it  was 
found  that  the  thickened  ink,  technicaUy  termed  '^  gatherings," 
adhered  at  first  to  the  perforated  sur&ce  between  the  perforations, 
and  afberwards  when  the  film  had  arrived  at  a  certain  thickness  it 
was  transferred  bodily  to  the  surface  of  the  inking  roller.  These 
experiments  led  to  the  adoption  of  the  following  inking  apparatus. 

The  short  cylinder  P,  Figs.  1  and  2,  containing  the  supply  of  ink, 
is  fitted  with  a  piston,  the  rod  of  which  is  a  screw  that  projects 
below  the  cylinder,  as  shown  in  Fig.  2.  The  upper  end  of  the 
cylinder  expands  into  a  horizontal  rectangular  tray,  rather  larger  in 
size  than  the  plate  to  be  inked ;  and  this  tray  is  covered  with  s 
flat  plate  of  steel,  perforated  with  a  number  of  small  holes.  The 
piston  is  slowly  raised  by  the  screwed  piston-rod  and  the  beril 
wheels  Q  and  ratchet  wheel  B.  In  order  to  charge  the  cylinder 
with  ink  the  piston  is  lowered  and  the  perforated  top  plate  removed 
for  filling  in  the  ink ;  and  on  replacing  the  top  the  piston  is  raised 
until  the  ink  exudes  through  the  perforations  in  the  top  plate,  the 
lowering  and  raising  of  the  piston  being  effected  by  hand  by  a  winch 
upon  the  spindle  of  the  ratchet  wheel  B.  The  supply  of  ink 
during  the  working  of  the  machine  is  kept  up  by  the  lever  T  from 
the  cam  shaft.  Fig.  1,  acting  on  the  ratchet  wheel  B,  a  small  but 
sufficient  quantity  of  ink  being  in  this  way  forced  up  through  the 
perforated  sur£i*ce  for  every  plate  inked  by  the  inking  roller  C. 

The  inking  roller  0,  shown  enlarged  in  Figs.  4  to  6,  Plate  46, 
is  formed  of  a  number  of  discs  of  woollen  cloth,  screwed  up  tightly 
together  upon  a  spindle  and  finished  in  the  lathe.  It  is  worked  to 
and  fro  continually  without  intermission  by  the  rack  and  sector  B. 
This  rack  slides  on  a  cylindrical  rod  D,  which  allows  the  frame  £ 
carrying  the  roUer  to  be  raised  and  lowered  sufficiently  fear  causing 
the  inking  roller  either  to  apply  ink  to  the  engraved  plate  on  the 
polygon  A  above,  as  shown  in  Figs.  4  and  5,  or  to  descend  and  roll 
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an  the  inkixig  table  P  below,  for  obtaming  a  fr^slL  supply  of  ink,  as 
sfaoim  in  ¥ig.  6.  The  roller  is  held  np  for  inking  the  polygon  by 
the  weighted  lever  G,  having  an  adjustable  weight ;  and  on  the 
preBsiire  of  this  wQight  being  removed  at  the  proper  moment  by  a 
cam,  the  roller  C  drops  and  rolls  npon  the  inking  table  P  with  its 
own  weight  and  that  of  the  frame  E,  as  shown  in  Fig.  6.  It  thns 
takes  np  a  fresh  snjiply  of  ink,  while  the  polygon  is  turned  through 
(me  tenth  of  a  revolution  so  as  to  bring  the  next  engraved  plate 
roond  into  position,  ready  to  be  inked  when  the  inking  roller  is 
laised  again  by  the  lever  G. 

As  the  ink  is  transferred  from  the  perforated  inking  table  P  to 
the  inking  roller  C  in  a  series  of  dots  through  the  holes  in  the 
inkmg  table,  the  engraved  plates  would  be  inked  in  a  similar  and 
thenHnre  imperfect  manner ;  but  this  is  prevented  by  the  application 
of  ilie  two  small  distributing  rollers  1 1,  which  are  pressed  in  contact 
witii  tiie  inking  roller  by  sprLogs.  One  of  these  distributing  rollers 
simph^  revolves  in  contact  with  the  inking  roller ;  but  the  other  has 
one  of  its  bearings  a  screw,  which  gives  it  an  end  traversing  motion 
in  aiillition  to  the  rotary  motion ;  and  thus  the  ink  coming  to  the 
roller  in  dots  is  equalised  over  its  entire  sur&ce,  and  the  inking  of 
the  eDgiaved  plates  is  rendered  uniform  all  over. 

The  occasional  removal  of  the  thickened  ink  from  the  surfiMse 
of  the  inldng  table  P  is  provided  for  by  the  arrangement  shown  in 
^.  7,  Plate  47.  The  ink  scraper  J  is  shown  in' the  position  when 
out  of  action,  and  H  is  the  lever  and  M  the  connecting  rod  for 
comnuuiicating  the  required  motion  to  it  from  the  cam  N.  On  the 
icraper  beginning  to  move  across  the  inking  table  P  from  the 
positum  shown  at  J  in  the  drawing,  a  small  cam  at  each  end  causes 
it  to  rise  and  so  to  pass  clear  over  the  table  without  scraping ;  while 
in  the  return  motion  the  scrape(r  descends  into  contact  with  the 
table,  and  pushes  before  it  the  thickened  ink,  which  falls  into  a 
trough  placed  to  receive  it. 

If  the  scraping  were  to  be  performed  once  for  every  impression 
imnted,  then  it  would  only  be  required  to  allow  the  cam  roller  at 
the  end  of  the  lever  H  to  remain  continually  in  the  groove  of  the 

a2 
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oam  N.  But  as  it  is  required  tbat  the  soraping  should  be  performed 
only  occasion&Uj,  or  once  for  every  36  impressionB  or  reyolntiooB  of 
the  oam  shaft,  the  following  arrangement  is  adopted.  At  0  is  a 
latoh,  which  so  long  as  it  is  not  raised  holds  tlvp  connecting  rod  M 
poshed  ontwards  laterally,  so  that  the  cam  roller  is  out  of  the 
cam  groove  N.  The  ratchet  wheel  Q  has  72  teeth,  and  is  osmed 
forwards  one  tooth  for  every  impression  by  the  paol  B^  wbich  is 
actuated  by  the  cam  shown  by  the  dotted  line.  Attached  toihe 
ratchet  wheel  is  a  disc  S,  having  only  two  notches  TT  in  its 
circnmference ;  and  IT  is  a  rocking  frame,  rocking  on  a  pin  at  its 
lower  end,  and  having  on  the  npper  part  a  projecting  finger,  which 
is  cansed  by  the  weight  W  to  press  continually  against  the  edge  of 
the  disc  S.  Y  is  a  bolt,  worked  np  and  down  at  each  revolution  of 
the  cam  shaft  by  the  same  lever  and  cam  that  work  the  paol  B  of 
the  ratchet  wheel.  The  upper  end  of  this  bolt  slides  in  the  rocking 
frame  U ;  and  so  long  as  the  finger  is  on  the  edge  of  the  disc  S,  the 
bolt  y  rises  and  falls  just  clear  of  the  latch  O,  as  shown  in  ^ 
drawing,  so  that  it  produces  no  action. 

But  once  for  every  36  impressions  of  the  machine  the  finger  of 
the  rocking  frame  U  enters  one  of  the  notches  T  in  the  disc,  and 
the  rocking  frame  falling  forwards  tilts  the  bolt  Y  into  the  posilian 
indicated  by  the  dotted  Hne,  when  the  next  rising  of  the  bolt  lifts 
the  latch  0,  as  shown  by  the  dotted  line.  The  cam  roller  is  now 
thrown  into  the  cam  groove  N  by  the  latend  pressure  of  the  spring 
lever  H,  and  the'scraping  of  the  inking  table  P  is  performed  mod 
by  the  revolution  of  the  cam  N.  At  the  end  of  the  revolution 
the  cam  roller  is  thrown  out  of  the  cam  groove  K  by  the  inclined 
stop  X  at  the  end  of  the  groove,  and  is  instantly  held  out  by  the 
dropping  of  the  latch  O ;  and  before  the  b6lt  Y  again  rises,  the 
ratchet  wheel  Q  has  been  turned  forwards  one  tooth,  so  thai  the 
finger  of  the  rocking  frame  IT  as  again  out  of  the  notok  T,  and 
therefore  the  bolt  Y  rises  dear  of  the  latch  O  and  eeaflee  to  lift 
it  for  the  next  36  impressions. 

In  the  planning  and  also  in  the  construction  of  the  present  maohiiid 
and  other  similar  ones,  the  writer  has  derived  mudi  advantage  fSrom 
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iibe  nae  of  Babbage's  eyBtem  of  mechaiiical  notaiaozil)y  meana  of  a 
ehari.  In  the  canstruction  of  automatic  machmefi,  where  there  are 
of  neeeasiiy  interrapted  or  oocasioiial  moToments,  there  is  fireqaentlj 
mnch  iiDproTenieiat  to  be  effected  upon  the  original  foundation; 
and  ihiB  is  usually  accomplished  by  ezpensiYe  mechanical  alterations. 
But  the  nae  of  a  chart  admits  of  its  being  done  much  more  readily 
and  effidenil J,  and  this  system  also  proTides  by  inspection  the  data 
for  the  required  cnrves  of  the  several  cams,  and  for  keying  the  cams 
at  once  npon  their  shafts  in  the  exact  positions  required,  without 
reeoarae  to  tentaiiTe  trials. 

In  1^.  8,  Plate  48,  is  shown  the  diagram  c^  the  principal  cam 
motiofiia  in   the   bank-note    printing   machine,    as    used   in   the^ 
coMtniciion  of  the  machine,  showing  the  respectiTe  motions  during 
one  levolntion  of  the  cam.  shaft. 


The  Pbmidbbt  thought  the  machine  described  in  the  paper 
▼ery  beautifully  contriyed  for  the  purpose;  he  had  had  an 
uyportiarity  of  seeing  it  at  work,  and  had  been  much  struck  with 
the  aimplicify  of  its  construction,  and  the  accuracy  of  its  working. 
He  enquized  what  was  found  to  be  the  durability  of  the  wearing 
pasta,  and  whether  any  of  them  had  required  to  be  replaced. 

Mr.  OaxTBB  replied  that  there  were  two  of  the  machines  described 
in  the  paper  in  use  at  the  Bank  of  Ireland  for  printing  the  bank 
notes,  one  of  which  had  been  in  constant  use  for  about  fourteen 
years  with  scarcely  any  repairs,  and  was  still  working  quite  as  well 
aa  when  first  started.  The  only  renewal  had  been  in  the  case  of  the 
pieaaing  cam  upon  the  main  driving  shaft,  which  gave  the  heavy 
pteaaure  upon  the  printing  roller  for  working  off  the  impression ; 
this  cam  had  required  to  be  renewed  once,  aftw  being  in  constant 
work  lor  about  fourteen  years.     The  only  other  defect  had  been  in  the 
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original  casting  of  the  polygons  for  both  the  macliines,  in  oonseqnence 
of  the  tineqnal  contraction  of  the  metal  in  cooling,  which  caused 
one  end  to  give  way  in  each  polygon  by  separating  from  the 
ciromnference  of  the  polygon,  showing  that  the  metal  had  been 
subjected  to  a  considerable  strain  in  the  cooling  of  the  casting.  This 
difficulty  was  obviated  in  each  case  by  cutting  out  the  end  of  the 
polygon  and  bolting  on  a  new  end,  to  avoid  having  to  re-cast  the 
polygons ;  this  had  proved  completely  satisfiactory,  and  the  polygons 
had  worked  ever  since  with  entire  success. 

The  President  enquired  what  was  the  amount  of  pressure  upon 
the  printing  roller  when  in  operation. 

Mr.  Gbubb  said  the  total  pressure  upon  the  printing  roUer  was 
about  3  tons,  which  obliged  considerable  force  to  be  exerted  by  its 
cam.  A  very  heavy  pressure  was  required,  in  order  to  make  sure  of 
producing  a  good  impression  in  aU  parts  of  the  note  that  waa  being 
printed. 

The  President  enquired  whether  the  engraved  plates  were  fonnd 
to  wear  out  fibster  when  printed  by  the  machine  than  in  ordinary 
hand  printing. 

Mr.  Grubb  had  not  found  any  difference  in  the  wear  of  the  plates 
in  printing  by  the  machine.  The  principal  source  of  wear  was  the 
use  of  the  whiting  employed  for  the  final  cleansing  and  polishing 
of  the  engraved  plates  by  hand  immediately  before  the  impression 
was  taken ;  for  though  the  whiting  was  employed  in  the  state  of 
a  soft  fine  powder,  it  had  a  slight  cutting  action  which  gradually 
wore  away  the  engraved  plates ;  and  this  polishing  process  was  the 
same  in  either  case,  whether  the  printing  were  done  by  hand  or 
by  the  machine. 

The  President  enquired  how  the  plates  were  engraved  in  the  first 
instance,  and  what  means  there  was  of  irenewing  the  engraving 
when  it  became  faint  in  any  places  in  consequence  of  the  wear. 

Mr.  GrRUBB  explained  that  the  separate  subjects  or  designs 
forming  the  complete  bank  note  were  engraved  by  hand  in  the  first 
instance  on  separate  steel  blocks,  which  were  afterwards  hardened 
and  were  preserved  as  the  permanent  patterns,  not  to  be  printed 
from.     The  engravings  were  then  transferred  in  relief  to  the  sur&ces 
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of  soft  steel  rollers,  by  roUmg  these  over  the  pattern  blocks  under  a 
Leny  pressure;  and  the  rollers  being  afterwards  hardened  were 
ued  as  dies  to  impress  the  engraving  npon  the  printing  plates, 
in  a  similar  manner  to  that  long  employed  for  engraving  the 
oopper  cylinders  nsed  in  calico  printing,  but  requiring  a  far  greater 
UDonnt  of  accuracy  in  the  present  instance.  The  engraved  plates 
fiyr  printing  the  bank  notes  were  made  of  soft  steel,  and  were 
never  hardened  after  being  engraved,  becanse  being  of  large  size, 
20  inches  long  by  6  inches  wide,  they  wonld  abnost  certainly  not 
retain  their  flatness  in  hardening.  Moreover  when  worn  in  printing 
the  saft  plates  were  easily  repaired  again  by  means  of  a  special 
arrangement  that  he  had  designed  for  the  pnipose,  which  enabled 
the  rollers  to  be  applied  again  to  the  plates  vnth  perfect  accuracy 
for  renewing  the  impression.  In  first  impressing  the  plate  with  the 
master  roQer  or  die,  the  plate  was  fixed  npon  the  table  of  a  strong 
pressisg  machine,  capable  of  exerting  a  pressure  np  to  5  tons, 
regulated  as  required  by  means  of  a  weighted  lever;  and  the 
position  of  two  r^^ister  points  in  the  plate  being  accurately  noted 
by  meufl  of  a  micrometer  microscope  was  registered  in  a  book 
^ept  for  the  purpose ;  the  master  roller  was  then  passed  over  the 
plate  lij  the  machine  under  the  heavy  pressure,  being  very  steadily 
gnided  by  a  special  parallel-motion  arramrement,  with  pressinc? 
«ta™  Ul  principle  to  those  orZnote.p;intiBg  Ichu^ 
described  in  the  paper.  The  table  was  provided  vnth  complete 
adjustments  of  very  great  delicacy,  and  the  pressure  of  the  engraving 
reiDer  upon  the  plate  was  not  produced  by  the  roller  descending 
upon  the  plate,  but  by  the  table  being  raised  up  to  the  roller :  the 
table  being  of  considerable  weight  was  balanced,  so  that  it  was 
moved  vertically  with  a  force  of  a  few  pounds ;  and  it  was  provided 
with  two  separate  lever  arrangements,  one  for  light  and  the  other 
for  heavy  pressures,  whereby  any  pressure  from  a  few  pounds  up  to 
the  5  tons  could  be  put  upon  the  plate.  For  renewing  the  impression 
on  any  subsequent  occasion,  the  plate  was  again  fixed  upon  the  table 
in  exactly  the  same  position  as  before,  by  means  of  the  micrometer 
mierosoope  and  the  register  of  its  position ;  and  the  roller  was 
then  passed  over  it  again,  to  deepen  those  parts  of  the  impression 
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wbicb  had  become  worn  in  printing.  The  aconracy  wiQk  which  the 
renewal  waa  effected  by  this  means  was  so  perfect  that  the  finest 
lines  in  the  engraving  were  preserved  without  becoming  perceptibly 
coarser  even  after  the  plate  had  undergone  renewal  many  times ; 
and  the  most  delicate  engravings  on  the  plates  when  worn  by  the 
process  of  printing  were  restored  as  often  as  required  with  the 
greatest  certainty  and  facility.  By  a  delicate  adjustment  in  the 
bed  of  the  table,  the  plate  could  be  slightly  tilted,  transversely  to 
the  direction  of  motion  of  the  roller,  so  as  to  give  the  means  of 
bringing  up  the  impression  on  any  special  portion  of  the  plate  by 
increasing  the  pressure  upon  that  part.  This  tilting  motaon  was 
effected  by  the  bed  being  made  with  a  conyez  cylindrical  segment 
lying  within,  a  concave  one,  the  plate  to  be  engraved  being  in  the 
centre  of  motion ;  and  the  movements  for  acyustment  were  effected 
by  screws,  which  gave  fetciliiy  for  adjustment  to  the  thousandth  of 
an  inch. 

Mr.  B.^  Mallet  remarked  that  scarcely  sufficient  prominence  hid 
been  given  in  the  paper  just  read  to  the  very  important  imprDre- 
ments  that  had  been  effected  by  the  writer  himself  in  the  inveotiaii 
of  the  beautiful  bank-note  printing  machinery  now  employed  in  the 
Bank  of  Ireland,  which  could  not  be  fully  appreciated  without  a 
reference  to  the  imperfect  method  previously  in  use  for  printing 
bank  notes. 

Prior  to  about  the  year  1820  all  bank-note  printing  was 
performed  by  hand  labour  alone,  by  copperplate  printers,  in  the 
same  way  as  the  printing  of  fine  art  engravings.  About  that  time 
the  elder  Mr.  John  Oldham,  who  had  been  a  working  calico  printer, 
devised  machinery  for  performing  the  printing  of  bank  notes  by 
mechanical  means,  which  was  constructed  by  Mr.  John  MaQet  of 
Dublin,  and  employed  for  several  years  at  the  banks  both  of  Ireland 
and  of  England.  Steel  engraving  being  then  unknown,  the  impres- 
sions were  taken  from  copper  plates,  inked  and  deaned  by  hand  in 
the  old  way,  and  heated  on  flat  steam  tables  on  which  they  lay 
during  the  process.  The  plate  was  then  laid  upon  the  table  of  the 
printing  press,  which  consisted  of  a  pair  of  horizontal  rollers,  one 
above  the  other,  between  which  the  table  carrying  the  plate  was 
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pttsed  under  a  heayy  preBsnre.    The  table  was  made  of  gniunetal 

k  two  pieces,  each  of  a  flat  wedge  shape,  sliding  upon  each  other 

viUi  much  accuracy ;  so  that  the  top  and  bottom  snr&ces  of  the 

tiUe  always  remained  parallel  to  each  other,  whilst  the  total 

AwVnflag  was  increased  or  diminished  as  desired  by  sliding  the 

wedges  oyer  each  other.    When  the  copper  plate  was  laid  npon  the 

taUe,  the  nnder  wedge  was  slided  home,  bringing  the  plate  into 

eontact  with  the  top  roller ;  and  it  was  then  passed  through  nnder 

severe  pressore,  taldng  off  an  impression  npon  the  sheet  of  paper 

pkoed  upon  the  plate.     The  idea  was  thns  to  print  '^  skin  to  skin" 

as  il  was  called,  relying  npon  the  accuracy  of  all  parts  of  the 

TnifWne  being  sufficient  to  produce  a  good  impression  without  the 

interTeation  of  any  elastic  medium,  the  only  elasticity  being  that  of 

^be  ifam  sheet  of  bank  note  paper  itself.    This  was  ultimately  found 

to  he  iBEpracticable,  and  some  elastic  material  such  as  felt  was 

afterwards  used  in  either  one  or  both  of  the  pressing  rollers.     To 

the  end  of  Mr.  Oldham's  career  however,  and  that  of  his  son,  very 

much  of  the  work  of  printing  the  notes  was  performed  by  hand ;  in 

&ci  theme  of  machinery  was  confined  to  rolling  oS  the  impressions 

Aom  tlie  plates,  which  were  inked  and  wiped   by   hand,  and 

transfeired  by  hand  to  the  printing  machina     Even  the  numbering 

machines  he  believed  were  worked  entirely  by  hand,  and  required 

changing  by  hand  after  a  certain  number  of  figures  had  been 

passed. 

Upon  Mr.  Grubb's  appointment  as  engineer  to  the  Bank  of 
Irebmd  in  1842  he  departed  at  once  from  all  existing  plans  for  bank- 
note printing,  and  produced  the  automatic  machine  described  in 
the  -pBtper ;  and  nothing  could  be  more  striking  than  the  perfection 
of  its  action,  and  the  foresight  with  which  every  part  of  the  process 
of  printing  the  notes  had  been  provided  for.  The  machine 
presented  one  of  the  most  beautiful  combinations  of  cam  work  that 
was  to  be  met  with,  enabling  it  to  perform  with  strict  accuracy  very 
complex  and  peculiar  movements,  involving  both  very  severe 
pfeasiu^  and  extreme  delicacy.  The  numbering  machines  also  had 
baea  greatly  improved  by  Mr.  Grubb,  increased  in  their  numerical 
iiBge,  made  self-inking,  and  rendered  completely  automatic. 


178  BANK-NOTE   PRINTING  ICACHINE. 

The  Pbesident  moved  a  vote  of  thanks  to  Mr.  Grubb  for  bk 
paper,  which  was  passed. 


The  following  paper  was  then  read : — 
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DESCRIPTION  OP  A  ROCK  BORING  MACHINE. 


Bt  Mb.  GEORGE!  LOW,  of  Dublin. 


In  diirmg  a  tannel  or  quarrying  in  liard  rock,  the  only  metliod 
whereby  the  rock  can  be  worked  is  by  blasting ;  and  the  Rock 
Boring  Machine  forming  the  snbjecfc  of  the  present  paper  has  been 
constrocted  for  the  purpose  of  boring  the  blasting  holes,  with  a  view 
to  fiunlitate  and  expedite  the  work  by  superseding  the  very  slow 
and  laborions  mode  of  performing  this  operation  by  hand.  The 
nucliine  is  driven  by  compressed  air,  and  works  a  boring  tool  or 
jumper  for  boring  the  holes ;  and  the  boring  tool  works  in  a  direct 
liufi  with  a  self-acting  reciprocating  motion  at  a  very  high  velocity, 
And  is  oontinnofasly  turned  round  during  its  working,  being  made  to 
rotate  ilightly  between  each  blow. 

The  boring  tool  is  fixed  direct  upon  the  end  of  the  piston  rq^  of 
a  working  cylinder ;  and  this  working  cylinder  moves  within  another 
exterior  cylinder,  in  which  it  is  made  to  rotate  for  the  purpose  of 
gmng  the  rotating  motion  to  the  tool.  The  working  cylinder  has 
^  a  longitudinal  forward  motion  within  the  exterior  cylinder  for 
giving  the  advancing  feed  to  the  tool,  the  working  cylinder  being 
propelled  forwards  by  the  compiressed  air  that  works  the  tool, 
thereby  dispensing  with  the  necessity  for  employing  propelling  gear, 
which  is  liable  to  break  or  get  out  of  order  and  is  subject  to  rapid 
wear.  The  exterior  cylinder  is  carried  by  a  spherical  trunnion  in  a 
moveable  radial  arm  or  jib  mounted  on  a  travelling  carriage,  which 
gives  the  means  of  adjusting  the  boring  tool  to  any  desired  direction 
^  position,  so  that  the  holes  may  be  bored  in  the  most  suitable 
^ii'octions  according  to  the  strata  of  the  rock  for  the  blasting  to 
^^  the  best  effect  in  breaking  up  the  rock. 

b2 
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This  Bock  Boring  Machine,  whicli  is  tlie  invention  of  tlie  writer, 
is  shown  in  Figs.  1  to  11,  Plates  49  to  58.  Figs.  1  to  5  are  sectional 
plans  and  longitudinal  sections,  showing  the  boring  tool  and  working 
cylinder  in  different  positions  dnring  the  working  of  the  machine; 
and  Figs.  6  to  11  are  transverse  sections  at  snccessive  points. 

The  machine  is  only  4  fb.  6  iiis.  total  length,  being  made  as 
short  as  possible  in  order  that  it  may  be  moved  in  any  direction  in 
the  tunnel,  so  as  to  enable  it  to  be  set  to  bore  at  any  anele  and  in 
a2iy  position  and  direction  that  may  be  desired.  The  working 
cylinder  A,  Fig.  3,  constructed  of  brass,  is  placed  inside  an  exterior 
cyhnder  B  of  cast  iron,  which  is  fitted  with  a  spherical  trunnion  G  to 
support  it  in  the  radial  jib  or  arm  of  the  travelling  carriage,  as  shown 
in  Figs.  21  and  22,  Plate  55.  The  inner  cylinder  A  is  free  to  move 
longitudinally  within  the  exterior  cylinder  from  end  to  end  as  it 
advances  during  the  process  of  boring,  as  shown  in  Figs.  3  and  5 ; 
and  it  is  also  free  to  rotate  within  the  outer  t;ylinder,  for  giving 
the  rotating  motion  to  the  boring  tool  D.  The  back  end  of  tlie 
working  cylinder  A  is  packed  with  a  cupped  leather,  shown  black 
in  Fig.  5,  so  as  to  be  air-tight  when  moving  within  the  exterior 
cylinder  B.  The  front  end  of  the  working  cylinder  A  fits  into  a 
wrought  iron  crosshead  E,  in  which  it  is  free  to  revolve ;  this 
orosshead  is  bored  out  on  each  side  to  slide  upon  the  two  screwed 
guide  bars  FF,  which  are  bolted  to  the  exterior  cylinder  B, 
Figs.  5,  9,  and  10,  and  are  carried  forwards  to  the  end  bearing  G  of 
the  machine.  The  guide  bars  F  have  a  double  thread  of  1^  inch 
pitch  chased  upon  them  fr*om  end  to  end,  but  the  thread  is  planed 
off  on  the  inner  side  of  each  screw  down  to  the  body  of  the  guide 
bar,  for  the  purpose  of  obtaining  greater  compactness  in  the 
construction  of  the  machine,  as  seen  in  the  transverse  sections, 
Figs.  9,  10,  and  11. 

At  the  back  end  of  the  working  cylinder  A  is  the  air  valve  N, 
Figs.  5  to  7,  which  is  a  circular  disc  valve  with  six  inlet  ports  and 
six  exhaust  ports,  as  seen  in  Figs.  6  and  7.  This  valve  is  turned  by 
a  double  spiral  cam  0,  which  is  carried  forwards  into  the  end  of  the 
piston  and  piston  rod  K,  and  is  acted  upon  by  the  four  rollers  P  P) 
Figs.  5  and  8,  bearing  on  both  sides  of  the  spiral  wings  of  the  cam. 
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The  spinl  wings  are  so  sloped  that  as  the  piston  moves  backwards 
and  forwards  the  cam  is  gently  turned  or  twisted,  carrying  with  it 
the  air  valve  N  fixed  npon  the  spindle  of  the  cam.  The  slopes  of 
the  cam  are  so  arranged  that  the  valve  N  opens  the  inlet  ports  for 
admitting  the  compressed  air  to  act  npon  the  large  area  of  the 
piston,  in  order  to  make  the  forward  stroke  of  the  tool ;  and  the 
Talve  is  then  turned  so  as  to  allow  the  air  to  exhaust  again  after  the 
(nstoQ  has  struck  the  blow.  The  return  stroke  of  the  piston  is 
produced  by  a  constant  pressure  of  the  compressed  air  upon  the 
smal]  anmili^y  area  of  the  front  of  the  piston,  the  pressure  for 
this  purpose  being  maintained  through  the  two  ports  shown  in 
Figs.  5  to  9,  which  are  always  open.  The  exhaust  air  is  discharged 
at  the  front  end  of  the  exterior  cylinder  B,  being  carried  along 
grooTes  in  the  circumference  of  the  working  cylinder  A,  as  seen  in 
the  phui  Fig.  3,  and  the  transverse  sections  Figs.  6  to  9. 

The  boring  tool  is  caused  to  rotate  by  rotating  the  working 
cylinder  A,  the  piston  being  prevented  from  turning  in  the  cylinder 
hj  means  of  two  flats  planed  on  opposite  sides  of  the  piston 
rod  K,  which  fit  into  corresponding  flats  in  the  stuffing-box  of 
the  cylinder,  as  seen  in  Figs.  5,  9,  and  14.  The  rotating  of  the 
working  cylinder  A,  with  the  piston  and  boring  tool,  is  eflected  by 
hand  by  the  worm  Q,  Fig.  9,  which  is  turned  by  the  handle  B, 
F%s.  9  and  10,  and  gears  into  a  worm  wheel  fixed  on  the  square 
shaft  8.  The  brass  pinion  T,  Figs.  2,  4,  and  10,  slides  npon  the 
shaft  S,  and  gears  into  the  teeth  IT  round  the  circumference  of  the 
woijdng  cylinder  A,  Figs.  3  and  10 ;  so  that  by  turning  the  handle  R 
the  working  cylinder  is  caused  to  rotate ;  and  as  the  cylinder 
adTancea  at  each  turn  of  the  nuts  H,  the  pinion  T  slides  forwards 
with  it  along  the  square  shaft  S,  as  seen  in  Fig.  4.  In  an  earlier 
oonstruction  of  the  boring  machine,  having  a  pair  of  cylindrical 
tnmmons  instead  of  the  present  spherical  bearing  C,  a  self-acting 
rotating  motion  was  obtained  from  the  spiral  cam  0  that  works  the 
disc  air  valve  N,  by  prolonging  the  spindle  of  the  cam  through  the 
hack  end  of  the  exterior  cylinder  B  ;  and  a  couple  of  pauls  on  the 
end  of  the  spindle  worked  into  a  ratchet  wheel  on  the  end  of  the 
S({nare  shafb  S,  which  was  also  prolonged  backwards  for  the  purpose, 
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in  the  absence  of  the  spherical  bearing  C.  In  practice  however  it  baa 
been  fonnd  preferable  to  rotate  the  working  cylinder  by  hand  by 
means  of  the  handle  B,  as  above  described^  because  the  very  rapid 
reciprocation  was  very  severe  upon  the  self-acting  rotating  motion, 
making  it  liable  to  derangement;  and  the  hand  arrangement^ 
besides  having  the  advantage  of  simplicity,  avoids  the  necessity  of 
prolonging  the  shaft  S  backwards,  and  thns  allows  of  adopting 
the  spherical  tnmnion  C,  which  gives  increased  facility  for  tnming 
the  machine  into  any  position  desired  for  boring  the  holes. 

The.  crosshead  E  slides  forwards  along  the  two  screwed  bars  F 
as  the  working  cylinder  A  is  advanced  inside  the  exterior  cylinder  B 
during  the  process  of  boring ;  and  in  front  of  the  crosshead  the 
nuts  H  H  are  fitted  on  the  screwed  bars  F,  against  which  ibe 
crosshead  and  with  it  the  working  cylinder  are  pressed  by  the 
pressure  of  the  compressed  air  behind  the  working  cylinder  A.  The 
nuts  H  are  held  from  turning,  and  thereby  prevented  from  going 
forwards,  by  four  projecting  stops  upon  their  circumference,  Fig.  11| 
which  are  caught  by  the  catches  1 1  below ;  these  catches  are  kepi 
pressed  up  by  springs  against  the  underside  of  the  nuts;  and 
between  the  two  catches  is  placed  a  tappet  J,  so  curved  that  it  may 
be  struck  by  the  end  of  the  piston  rod  when  the  latter  has  reached 
the  outer  extremity  of  its  stroke,  as  shown  in  Fig.  4. 

The  mode  of  action  of  this  advance  motion  is  as  follows.  The 
compressed  air  is  admitted  by  the  flexible  pipe  L  into  the  extemr 
cylinder  B  behind  the  back  end  of  the  working  cylinder  A,  which 
is  thus  kept  pressed  outwards  against  the  crosshead  E,  while  the 
crosshead  is  kept  in  its  place  and  prevented  from  going  forwards  bj 
the  nuts  H,  and  these  are  prevented  from  turning  by  the  catches  L 
But  when  the  boring  tool  D  has  advanced  f  inch,  the  distance  dae 
to  one  quarter  turn  of  the  nuts  S,  the  outer  end  of  the  piston 
rod  £[,  which  is  allowed  a  range  of  f  inch  variation  in  the  length 
of  its  stroke,  strikes  against  the  tappet  J,  as  shown  in  Fig.  4, 
and  depresses  it  sufficiently  to  make  the  catches  1 1  release  the 
projections  on  the  nuts  H ;  the  forward  pressure  of  the  working 
cylinder  and  crosshead  against  the  nuts  then  causes  them  to  slip 
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pM6  ihe  catches  and  advance  one  quarter  turn,  thereby  moving 
forwards  I  inch  upon  the  screwed  bars  F,  when  the  next  projections 
on  the  circumference  of  the  nnts  are  caught  by  the  catches  I. 
This  process  is  repeated  for  every  |  inch  bored  by  the  tool,  until  the 
nuts  reach  the  front  end  of  the  screwed  bars  F. 

By  this  arrangement  the  boring  tool  is  allowed  to  advance  at 
whatever  rate  it  may  be  catting  in  the  rock.  When  the  rock  is 
comparatively  easy  to  bore  and  the  tool  is  cutting  rapidly,  the 
projectLQiis  on  the  nuts  slip  past  the  catches  from  one  to  another 
rapidly,  and  consequently  allow  each  successive  f  inch  advance  to 
occur  more  quickly ;  whilst  when  the  rock  is  harder  and  the  tool  is 
catting  slowly,  there  is  so  much  longer  an  interval  between  each 
release  of  the  catches,  and  the  advance  of  the  nuts  is  less  frequent, 
thus  admitting  of  a  greater  number  of  strokes  being  made  by  the 
boring  tool  for  each  f  inch  length  of  hole  bored. 

For  winding  back  the  working  cylinder  A  by  hand,  when 
Kqoired  for  the  purpose  of  changing  the  boring  tool,  the  two 
worms  MM,  Fig.  11,  turned  by  a  handwheel,  are  geared  into  the 
mto  H  H,  as  shown  in  Figs.  1  to  5.  The  friction  of  the  worms  also 
ads  as  a  break  to  prevent  the  nuts  from  turning  too  suddenly,  as  it 
cuuea  them  to  move  gently  when  the  projections  on  the  nuts  are 
released  by  the  catches  II  at  each  f  inch  advance  of  the  boring  tool. 

As  the  working  cylinder  A  and  crosshead  E  only  press  loosely 
forwards  against  the  nuts  H,  neither  the  nuts  nor  the  screwed  bars  F 
receiTe  the  slightest  portion  of  the  concussion  from  the  blows  of 
the  tool ;  bat  the  shock  of  each  blow  is  conveyed  direct  to  the  air 
CQshion  behind  the  working  cylinder  A,  in  the  be^k  end  of  the 
exterior  cylinder  B.  This  e£fectually  prevents  crystallisation  of  the 
portions  that  are  exposed  to  the  direct  concussion  of  the  blow,  and 
prevents  any  loosening  of  the  several  parts  of  the  machine  ;  it  also 
reKeres  the  carriage  frame  from  the  fall  shock  of  the  blow,  and 
steadies  the  boring  cylinder. 

At  the  outer  end  of  the  two  guide  bars  F  F  are  two  screwed 
CH*  V  V  with  steel  points.  Figs.  1  and  3,  for  the  purpose  of 
*tM<fying  the  end  of  the  machine  against  the  rock.     The  outer  end 
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of  the  boring  tool  D  is  steadied  in  tbe  front  bearing  G,  across  tbe  end 
of  tbe  two  gnide  bars  F,  in  order  to  compel  tbe  tool  to  bore  straight 
when  it  meets  witb  extra  bard  rock  or  quartz  veins  incHned  to  tbe 
direction  of  tbe  bole ;  and  by  turning  tbe  bandle  W,  tbe  top  bearing 
or  step  can  be  readily  lifbed  out  wben  tbe  boring  tool  requires 
taking  out  for  cbanging.  During  tbe  working  of  tbe  tool  a  jet  of 
water  is  kept  constantly  playing  into  tbe  bole ;  and  tbis  aided  by 
tbe  reciprocation  of  tbe  tool  effectually  clears  out  all  tbe  loose 
material  as  fast  as  it  is  detacbed  by  tbe  tool,  witbout  ever  requiring 
tbe  tool  to  be  withdrawn  as  in  band  labour  for  tbe  purpose  of 
clearing  out  tbe  bole.  In  one  of  tbese  boring  macbines  working  in 
tbe  Roundwood  Tunnel  of  tbe  Dublin  Corporation  Water  Works, 
tbe  water  is  obtained  from  tbe  top  of  tbe  tunnel  sbaft,  being  a 
portion  of  tbat  raised  by  tbe  pumping  engine  wbicb  drains  the 
tunnel,  and  tbe  jet  is  thrown  into  tbe  bore  bole  under  a  pressure 
of  about  80  lbs.  per  square  inch. 

Tbe  mode  of  fixing  tbe  boring  tool  D  in  tbe  piston  rod  K  is 
shown  in  Figs.  12,  13,  and  14,  Plate  54,  drawn  half  full  size.  The 
fixing  of  tbe  tool  is  a  very  important  point  in  tbe  working  of  the 
machine,  in  order  to  ensure  a  thoroughly  secure  fixing  and  at  the 
same  time  tbe  means  of  readily  and  quickly  changing  tbe  tool.  The 
tool  D  is  dropped  into  a  socket  in  tbe  end  of  tbe  piston  rod  E,  and 
the  parallel  cotter  X  being  then  passed  through  is  fixed  by  the 
screwed  gland  Y,  wbicb  presses  tbe  tool  home  to  tbe  bottom  of  the 
socket  and  secures  tbe  cotter  endways  by  entering  into  tbe  two 
notches  in  tbe  front  edge.  Tbe  gland  Y  is  prevented  from  turning 
back  by  a  ratchet  and  spring  Z ;  and  for  releasing  tbe  tool  the 
spring  is  held  back  by  a  stud  wbUe  tbe  gland  is  unscrewed. 

Several  different  forms  of  Boring  Tools  have  been  tried  witb  the 
machine,  but  tbe  results  of  experience  have  led  to  tbe  adoption  of 
tbe  two  forms  only  tbat  are  shown  in  Figs.  15  to  18,  Plate  54, 
drawn  half  full  size.  Tbe  rose  tool.  Figs.  15  and  16,  having  two 
chisel  edges  at  right  angles  to  one  another,  is  found  tbe  best  form 
for  commencing  tbe  bole  and  boring  tbe  first  9  or  10  inches  length. 
Tbe  shape  of  tbis  tool,  in  conjunction  witb  tbe  continuous  rotary 
motion  given  to  it  between  each  stroke,  prevents  it  irom  being  led 
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awaj  sidew&js  when  it  meets  witli  a  vein  of  quartz  harder  than  the 
rest  of  the  rock  and  lying  much  inclined  to  the  direction  of  the 
Bole.  The  second  tool,  Figs.  17  and  18,  used  for  completing  the 
hole,  is  a  chisel  formed  with  the  cutting  edge  in  three  bevils  a  little 
inclined  to  one  another  in  both  directions.  The  chisel  shown  in 
Figs.  19  and  20  was  found  the  best  for  boring  straight,  bat  it  could 
not  be  made  to  stand  well,  and  was  consequently  abandoned.  A 
hollow  tool  has  also  been  tried,  into  which  was  inserted  a  water 
jet ;  and  the  exhaust  air  from  the  cylinder  was  also  turned  into  it, 
which  blew  the  water  out  from  the  point  of  the  tool  into  the  hole 
with  considerable  force.  This  was  found  a  most  excellent  plan  for 
keeping  the  hole  clean ;  but  in  consequence  of  its  complication  and 
the  Kahility  of  the  jet  orifice  to  become  choked  up  with  deposit 
from  the  water  employed,  it  was  abandoned  and  the  separate  water 
jet  already  described  has  been  substituted. 

The  Frame  and  Carriage  for  this  boring  machine  are  shown 
in  Figs.  21  and  22,  Plate  55.  The  traversing  carriage  A  is  made 
very  low,  in  order  to  allow  of  readily  removing  the  debris  from 
bksting;  and  upon  it  is  mounted  the  upright  pillar  B,  capable 
of  swirelling  round  upon  the  carriage  and  having  means  for 
chunping  it  securely  between  the  top  and  the  bottom  of  the  tunnel. 
The  working  cylinder  C  with  the  boring  tool  D  is  carried  by  the 
transverse  frume  or  rest  E  upon  the  extremity  of  the  horizontal  jib  F 
projecting  from  the  centre  pillar  B.  The  arm  G  carrying  the 
boring  cylinder  G  can  be  traversed  into  any  position  in  the  frame  E 
by  means  of  a  screw  motion  worked  by  the  handwheel  H ;  while 
the  frame  E  can  itself  be  turned  round  upon  the  axis  of  the 
horizontal  jib  F  by  the  handwheel  I  working  the  worm  wheel  J,  and 
the  jib  F  can  be  lengthened  or  shortened  by  the  handwheel  K.  By 
this  means  the  boring  cylinder  C  can  be  adjusted  to  any  part  of 
the  &ice  of  the  tunnel ;  and  the  spherical  trunnion  by  which  the 
boTing  cylinder  is  carried  in  the  arm  G  allows  of  its  being  placed 
to  b^re  in  any  position  and  direction.  These  several  adjusting 
xnovementa  enable  the  tool  to  bore  the  holes  in  the  exact  line  the 
miners  may  wish  to  place  the  shot,  as  the  boring  cylinder  can  work 
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either  npwards,  downwards,  sidewajs,  or  at  any  inclination ;  and 
all  the  movements  are  at  all  times  central  and  within  easy  reach  of 
the  attendant,  whatever  may  be  the  direction  or  position  of  working. 
The  transverse  frame  or  rest  E  is  provided  at  each  end  with  a 
pair  of  projecting  steel  points  L  L,  which  can  be  lengthened  or 
shortened  so  as  to  clamp  the  rest  securely  against  the  rock,  therebjr 
relieving  the  horizontal  jib  F  and  the  pillar  B  from  the  shocks 
produced  by  the  blows  of  the  boring  tool.  The  steel  points  LL 
are  attached  to  pistons  inside  the  columns  of  the  rest  E,  and  bj 
admitting  the  compressed  air  between  the  pistons  the  points  are 
caused  to  strike  out  against  the  sides  of  the  tunnel,  and  are  then 
secured  by  self-locking  catches.  It  is  generally  found  sufEicient 
however  simply  to  wedge  the  hind  wheels  of  the  carriage  in  order 
to  render  the  whole  perfectly  steady,  without  any  necessity  for 
clamping  the  carriage  and  rest  against  the  rock. 

The  compressed  air  for  working  the  boring  machine  is  supplied 
by  an  Air  Compressing  Engine  at  the  top  of  the  shaft,  driven  bj  a 
small  portable  steam  engine.  The  air  compressing  engine  is  shown 
in  Figs.  23  to  27,  Plates  56  to  59,  and  consists  of  two  horizontal 
compressing  cylinders  A  A,  Fig.  23,  fitted  with  air-tight  pistons  B 
packed  with  brass  rings  or  cupped  leathers,  Fig.  25.  On  each  end 
of  the  cylinder  A  are  upright  chambers  C  C,  and  on  the  top  of  each 
chamber  are  a  pair  of  inlet  and  delivery  air  valves,  so  that  there  are 
two  inlet  valves  D  D  and  two  delivery  valves  E  E  to  each  compressing 
cylinder;  these  valves  are  circular,  and  fit  air-tight  upon  conical 
faces,  as  seen  in  Figs.  25  and  26.  The  four  inlet  valves  D  D  are 
each  suspended  from  a  lever  F,  and  in  the  original  construction 
there  was  simply  a  weight  on  the  outer  end  of  the  lever  to  canse 
the  valve  to  shut  when  the  piston  B  had  drawn  in  sufficient  air  to 
fill  the  chamber  C  ;  it  was  found  however  that  the  valves  did  not 
work  very  steadily  with  the  levers  and  weights,  and  they  also  shnt 
before  the  piston  reached  the  end  of  the  stroke,  so  that  part  of  tbe 
stroke  was  wasted  in  uselessly  expanding  the  air.  in  the  chamber  C. 
A  cam  G,  Fig.  26,  worked  from  the  crank  shaft  H,  was  therefore 
added  to  each  of  the  valve  levers  F,  and  the  cam  opens  the  inlet 


EOOK  BOBDra  MACHnrx.  187 

▼aire  at  the  commencement  of  each  forward  or  suction  stroke  of 
the  piston,  and  keeps  it  open  till  the  commencement  of  the  retom  or 
compressing  stroke,  when  the  yalve  is  shut  snddenlj  by  the  weight ; 
and  this  arrangement  has  proved  qnite  satis^-ctory.  The  deliyery 
valTes  E  £  are  shnt  by  the  back  pressnre,  as  soon  as  the  compressed 
air  is  all  forced  ont  of  the  chambers  C ;  they  deliver  the  air  into  the 
air-Teasels  J,  which  are  for  the  purpose  of  equalising  the  pressnre  of 
the  air  under  the  varying  pressure  of  the  stroke.  A  pipe  K  from 
each  of  the  two  air-vessels  conveys  the  compressed  air  to  a  large 
wrought  iron  receiver,  firom  which  it  is  supplied  for  working  the 
boiing  machine. 

The  two  air-compressing  cylinders  A  A,  Figs.  23  and  25,  are 
each  14  inches  diameter  with  18  inches  length  of  stroke,  and 
are  placed  at  each  end  of  a  cast  iron  bed-plate ;  the  pistons  are 
worked  by  connecting  rods  from  the  double  cranks  H  at  right 
angles  to  each  other,  which  receive  motion  frt)m  the  countershaft  L 
dnven  by  the  steam  engine.  By  employing  two  cylinders  of  half 
area  each  for  compressing  the  air,Vorked  by  cranks  at  right  angles  to 
each  other,  instead  of  a  single  larger  cylinder,  an  advantage  is  gained 
in  dehTenng  the  compressed  air  to  the  receiver  more  uniformly, 
and  also  the  strain  on  the  working  parts  is  more  evenly  divided. 
The  cylinders  A  are  filled  with  water,  which  rises  at  each  stroke  to 
the  top  of  the  upright  chambers  C  G,  and  the  surplus  water  is  forced 
through  the  delivery  valves  E,  the  object  being  to  fill  up  every 
space  with  water  at  the  end  of  the  stroke,  and  so  ensure  every 
particle  of  air  being  forced  through  the  delivery  valves.  To  allow 
for  leakage  and  waste  of  water,  a  supply  is  kept  constantly  flowing 
into  the  inlet  valves  D  from  the  small  pipe  M,  regnlated  by  a  tap ; 
and  the  water  forced  through  the  delivery  valves  at  each  stroke 
keeps  the  air-vessels  J  J  constantly  filled  with  water  up  to  the  mouth 
of  the  pipe  K,  so  that  the  compressed  air  is  kept  quite  cool.  The 
nrphis  water  passing  into  the  pipe  K  slowly  accumulates  in  the 
hrge  air  receiver,  out  of  which  it  is  discharged  occasionally. 

The  crank  shaft  H  is  driven  at  22  revolutions  per  minute,  and  at 
«ch  stroke  the  piston  draws  in  the  air  through  the  inlet  valve  at 
one  end  of  the  cylinder,  and  compresses  the  air  to  six  atmospheres 
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or  90  lbs.  per  square  inch  at  tlie  other  end  of  the  oylinder, 
discharging  the  compressed  air  through  the  deliyery  TaJve  to  tbi 
receiver.  The  minimum  pressure  maintained  in  the  airreceiTer 
is  75  lbs.  per  square  inch,  and  the  mazimmn  125  lbs.,  the  ayerage 
being  about  85  lbs.  per  square  inch.  From  the  receirer  the 
compressed  air  is  conyeyed  by  cast  iron  pipes  with  india-rubber 
joints  up  to  within  50  feet  of  the  boring  machine.  It  is  then 
conyejed  to  the  machine  through  an  india-rubber  pipe  made  with 
siz-ply  canyass  and  about  100  feet  long,  which  allows  the  borisg 
machine  to  be  advanced  or  drawn  back  without  undoing  a  sin^e 
joint. 

This  boring  machine  is  now  employed  in  the  oonstmotion  of  tbe 
Boundwood  Tunnel  for  the  new  Dublin  Corporation  Water  Wo:^ 
of  which  a  longitudinal  and  tvansyerse  section  are  shown  in 
Figs.  21  and  22,  Plate  55,  where  it  bores  the  holes  for  blasting  at  one 
of  the  working  &ces.  The  tunnel  is  rectangular,  5  feet  wide  and  6  ftefc 
high,  and  is  being  carried  through  Cambrian  rock  of  a  remariEaUj 
hard  and  difficult  character,  interspersed  with  quartz  veins.  Six  shot 
holes  of  20  inches  depth  are  usually  fired  at  each  blast,  and  these  six 
holes  of  If  inch  diameter  ttre  all  bored  by  the  machine  in  about 
dj  hours ;  two  chisels  are  used  for  each  hole,  which  require  finesh 
grinding  before  using  i^ain.  With  handwork  however  each  of  the 
same  holes  takes  2|  to  8  hours  for  drilling,  and  requires  uBually  about 
fifteen  fresh  tools  before  it  can  be  completed.  The  practical  vabe  of 
this  remarkable  saving  of  time  that  is  effected  by  the  use  of  the 
machine  is  specially  experienced  in  such  work  as  tmmeUing  or  other 
rock*blasting,  where  saving. of  time  is  generally  of  such  great 
importance  both  in  expediting  and  economising  the  work.  The 
average  rate  at  which  the  very  hard  rock  is  bored  by  the  macihiDe 
at  the  Boundwood  Tunnel  is  about  one  inch  -pet  minute ;  and  it  htf 
been  found  as  the  result  of  experienoe  with  the  machine  that  H  harm 
quicker  and  keeps  the  edge  on  the  tool  better  by  striking  wiUi  less 
force  of  blow  but  with  greater  rapidity.  The  number  ci  bbws  bas 
been  increased  from  250  to  500  or  600  Mows  p^  minute^  and  the 
resuU  is  that  one    hole  is  now  bored  with  two  took 
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gMtharpmmig,  instead  of  nsing  five  or  Biz  tools  as  fbrmierly ;  and 
with  one  tool  a  hole  of  26  inches  depth  is  bored  in  the  DaU(ej 
gnmte  without  re-sharpening. 

The  following  are  the  resolts  of  working  in  the  Dalkej  granite : — 

Isfc  hole  2M  indiet  deep  in  11  mias.  10  aeoe. 
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The  following  are  the  results  of  working  in  the  remarkably  hard 
rock  of  the  tunnel  at  Roundwood : — 
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The  arerage  rate  at  which  the  machine  now  bores  is,  for  the 
first  portion  of  the  hole,  10  and  11  inches  depth  in  4^  to  8  minutes; 
and  for  the  second  portion,  9  and  9^  inches  depth  in  8  to  8^  minutes . 

The  following  special  points  of  advantage  have  been  experienced 
in  this  boring  machine ;  and  these  maj  be  considered  as  essential 
oonditioos  to  be  folfiUed  in  a  good  machine  for  the  purpose  of 
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boring  in  liard  descriptions  of  rock,  and  for  standing  satifl&ctonlj 
tlie  special  wear  and  tear  to  wliicli  snch  machines  are  necessarilf 
subjected. 

Tbe  boring  part  of  tbe  macliine  with  the  tool  is  made  Yerj 
short,  so  as  to  allow  it  to  work  in  any  direction  and  position  in  the 
tunnel,  in  order  that  the  blast  of  the  hole  bored  may  displace  the 
largest  amonnt  of  rock.  The  carriage  frame  carrying  the  working 
cylinder  is  also  very  compact,  occupying  Httle  space  and  allowing 
the  cylinder  to  be  quickly  adjusted  into  any  desired  position. 

The  reciprocating  parts  are  very  few  in  number,  and  are  in  tHe 
direct  line  of  the  blow ;  these  are  only  the  piston  and  rod  in  one 
piece  of  steel,  and  the  tool  secured  in  the  piston  rod  so  as  to  allovr 
no  play.  Moreover  in  order  to  prevent  crystallisation  of  the  parte 
exposed  to  the  direct  concussion,  a  cushion  of  air  is  provided  at  the 
back  of  the  working  cylinder,  which  abo  relieves  the  carriage 
frame  fr^m  the  shocks  of  the  blows.  Also  the  tool  being  made  to 
reciprocate  with  the  piston,  the  hole  is  more  easily  kept  free  from 
the  debris  than  when  the  tool  is  stationary  and  receives  blows  from 
a  detached  piston,  as  in  other  constructions  of  boring  machines ; 
and  the  strong  water  jet  playing  into  the  hole  is  found  to  keep  it 
quite  clear  during  the  process  of  boring. 

The  advance  of  the  tool  is  self-acting,  and  exactly  at  the  same 
rate  that  the  tool  is  cutting,  however  variable  may  be  the  nature  of 
the  rock ;  and  whether  the  tool  is  cutting  at  the  rate  of  3  inches 
per  minute  in  one  part  of  the  hole  or  only  1  inch  per  minute  in 
another  part,  the  advance  given  to  the  tool  is  exactly  at  the  same 
rate  that  the  boring  progresses  in  each  case ;  so  that  there  is  no 
risk  of  the  piston  at  any  time  working  beyond  its  proper  range  of 
stroke  and  striking  the  cylinder  cover.  The  advance  motion  for 
the  tool  is  obtained  from  the  pressure  that  drives  the  piston, 
without  the  use  of  propelling  gear,  the  absence  of  which  greatly 
increases  the  durability  of  the  machine.  The  turning  motion  for 
the  tool  also  being  connected  to  the  stationary  outer  cylinder  is 
freed  from  the  source  of  derangement  that  would  arise  from  the 
rapidity  of  the  blows  of  the  tool  if  the  turning  motion  were 
connected  to  the  reciprocating  part.    The  motion  for  working  the 
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Tulve  is  gradual  and  easy  in  its  action,  so  that  a  rery  rapid  action 
18  obiamed  without  any  destractive  shocks.  The  outer  end  of  the 
tool  is  guided  in  a  bearing,  to  prevent  it  from  working  to  one  side 
and  getting  jammed  when  meeting  with  an  oblique  vein  of  harder 


The  machine  is  arranged  so  that  it  can  be  brought  to  work 
again  immediatelj  after  a  set  of  holes  have  been  blasted  and  before 
the  debris  is  removed,  which  can  be  done  whilst  the  machine  is  at 
work,  the  material  being  carried  or  thrown  through  the  clear  space 
left  hj  the  carriage  frame  ;  and  a  jet  of  air  being  left  open  near  the 
&oe  at  the  time  of  explosion  soon  dilutes  and  clears  off  the  gases 
lesnlting  from  the  explosion  of  the  powder.  This  saves  much  of  the 
Ices  of  time  which  occurs  with  other  machines  in  removing  the  debris 
liefoFe  the  machine  can  be  set  to  work  again.  The  compressed  air 
on  bemg  discharged  teom,  the  boring  cylinder  also  serves  effectively 
to  ventilate  the  workings,  and  suppHes  fr^sh  air  to  the  miners. 


lir.  Low  exhibited  specimens  of  the  different  sorts  of  boring 
tools  used  in  the  machine,  and  also  samples  of  the  hard  Cambrian 
rock  through  which  the  tunnel  was  being  driven,  showing  the 
qnutE  veins  with  which  the  rock  was  intersected. 

The  Pbbsidknt  thought  there  must  be  a  good  deal  of  difficulty 
in  boring  through  such  hard  rock  with  the  machine,  from  the  tools 
i^npgiring  to  be  sharpened  very  frequently,  and  he  enquired  how 
often  they  were  foxmd  to  need  sharpening  in  reg^ular  work. 

Mr.  Low  replied  that  the.  tools  required  to  be  sharpened  on  the 
ayersge  finr  every  9  inches  length  of  hole  bored,  on  account  of  the 
particalarly  hard  nature  of  the  rock. 

Dr.  DowHiNO  said  that  through  the  kindness  of  the  engineering 
Btaff  and  the  contractor  he  had  seen  the  boring  machine  at  work 
in  the  Boundwood  Tunnel,  and  had  been  enabled  to  collect  a  few 
<^  as  to  its  action.     As  regarded  the  rapidiiy  of  boring  the 
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holes,  wUgIi  waa  of  ooxurse  an  essential  conBideration,  he  believed 
that  1  inch  per  minute  might  be  taken  safelj  as  about  the  rate  d 
the  actnal  boring.  He  had  seen  a  hole  20  inches  long  bored 
in  22  minntes,  with  boring  tools  If  inch  diameter  like  the  speoiineiiB 
exhibited,  and  the  same  length  had  also  been  done  in  18  minutes; 
and  20  inches  in  20  minntes  might  be  taken  as  the  average  rate  of 
boring.  It  was  not  very  easy  to  ascertain  the  exact  time  occupied 
per  hole  so  as  to  include  all  the  shifting  of  the  machine,  &c. ;  the 
practice  was  to  draw  the  machine  back  after  six  or  seven  holes 
had  been  bored  by  it,  and  then  a  few  more  holes  were  made  hj 
hand  in  those  parts  of  the  £aM3e  of  the  heading  where  the  machine 
could  not  readily  be  worked ;  and  all  the  holes  were  then  fired 
nearly  simultaneously.  Including  all  these  operations  he  believed 
45  minutes  for  each  hole  would  be  a  &ir  average  to  take  for  aU  the 
holes,  including  both  those  bored  by  the  machine  and  by  hand 
labour. 

The  Pbesident  enquired  how  the  hole  was  cleared  out  dnruig 
the  boring,  and  how  often  the  tool  had  to  be  withdrawn  for  the 
purpose. 

Dr.  DowKiKG  replied  that  the  tool  was  never  withdrawn  for  the 
purpose  of  clearing  the  hole,  which  was  cleared  out  by  letting  a 
jet  of  water  under  a  high  pressure  play  constantly  into  it  dnring 
the  working  of  the  machine,  and  the  water  assisted  by  the 
reciprocation  of  the  tool  cleared  out  all  the  loose  material  aa  iasi  as 
it  was  detached  by  the  tooL  This  was  done  much  more  effectually 
than  by  the  ordinary  mode  of  occasionally,  scraping  out  the  hole 
when  manual  labour  was  used.  The  tool  was  usually  withdrawn 
at  about  every  7  inches  length  bored,  for  the  purpose  of  inserting  a 
longer  boring  tool,  the  nuts  upon  the  screwed  guide  bars  being  set 
back  by  hand.  Before  firing  the  charges  in  the  holes  the  machine 
was  drawn  back  to  a  sheltered  spot,  the  distance  varying  with  the 
progress  of  the  work ;  at  the  time  when  he  saw  the  machine  working 
it  had  to  be  drawn  back  about  50  or  60  feet  from  the  working 
&ce  to  the  place  of  shelter.  The  machine  ran  upon  a  tramroad« 
and  was  drawn  back  very  quickly,  so  that  there  was  very  little  time 
lost  in  moving  it. 
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Mr.  H.  W.  Habmak  enquired  what  was  foxuid  to  be  the 
oompttratiTe  eoonomy  of  the  machine  in  working  as  compared  with 
imd  labour. 

Dr.  DowHUTQ  said  the  time  that  the  machine  had  been  at  work 
md  the  drcnmstanoea  of  the  situation  in  which  it  was  employed 
baldly  adxnitted  of  any  decided  result  being  arrived  at  yet  as  to  its 
economy;  at  present  the  cost  of  W(»rking  with  the  machine 
a|q[»eared  to  be  about  eqnal  to  that  of  hand  labour. 

Hr.  E.  W.  Habmaw  enquired  whether  the  present  was  the  first 
^yplication  of  the  machine,  and  what  was  its  cost. 

Dr.  DowHiNO  replied  that  the  present  work  was  the  first 
afplicaiaon  of  the  boring  machine  in  regular  work,  and  the  machine 
now  in  use  was  the  third  that  had  been  made,  containing  several 
impiOTemeiitB  upon  the  two  previous  ones.  Five  more  of  the 
iniinhines  were  now  being  constructed  he  understood,  which  were  all 
intended  to  be  employed  upon  the  Bonndwood  Tunnel.  The  cost 
of  the  machine  itself  with  its  carriage  was  about  £225,  and  the  cost 
of  the  air^compressing  engine  about  £210. 

Hi.  E.  Leigh  enquired  how  much  rock  was  removed  per  day  in 
tbe  tamiel  by  the  aid  of  the  boring  machine. 

Dr.  DowviHO  said  the  quantity  of  tocIs,  removed  per  day  varied 
gretily,  as  it  depended  upon  the  hardness  of  the  rock,  which  was 
▼By  TiriaUe ;  but  he  did  not  know  the  actual  quantify. 

Mr.  W.  E.  Nbwton  remarked  that  one  of  the  advantages  of  the 
JH^esent  machine  appeared  to  be  the  ingenious  arrangement  for  the 
adTanoe  of  the  boring  tod,  whereby  the  tool  was  advanced  exactly 
according  to  the  rate  at  which  the  work  progressed.  With  any 
diraet  m^lnwifttt.1  connection,  such  as  a  crank  motion  or  an  ordinary 
6ad  motion,  the  tool  would  be  advanced  a  definite  distance  at  each 
blow,  and  neither  more  nor  less  under  any  change  of  circumstances ; 
but  in  the  present  machine,  by  nieans  of  the  self-acting  nuts  and 
■enwB  goveming  the  advance  of  the  working  cylinder,  the  total 
adnnoe  of  f  inch  aUowed  by  the  turning  of  the  nuts  might  be 
nhtained  after  a  very  few  strokes ;  or,  if  the  rock  were  too  hard  to 
■dait  oi  ao  rafnd  an  advaiice,  any  number  of  blows  might  be  given 
by  the  tool  for  each  f  inch  advaioce,  the  tool  oontinuing  to  drive 
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away  at  the  rock  until  it  reached  the  end  of  the  |  inch  feed,  and 
then  the  turning  of  the  nnts  allowed  a  fhrther  f  inch  advance.  Bj 
this  means  the  tool  was  always  advanced  the  right  distance,  just  as 
in  hand  work,  so  as  to  follow  np  the  work  constantly  according  to 
the  hardness  of  the  rock ;  and  the  whole  of  the  advance  motion  was 
entirely  self-acting,  without  requiring  the  attention  of  the  man  in 
charge  of  the  machine. 

He  enquired  whether  the  expansion  of  the  compressed  air 
liberated  from  the  cylinder  of  the  boring  machine  was  foimd 
to  be  attended  with  any  disadvantage,  by  freezing  the  moisture 
in  the  exhaust  passages. 

Dr.  Downing  replied  that  no  trouble  had  been  experienced 
from  the  expansion  of  the  compressed  air,  and  the  cold  air  therebj 
supplied  at  the  working  face  was  found  a  great  advantage  to  tbe 
men  in  the  tunnel  by  the  thorough  ventilation  which  it  produced. 

Mr.  T.  Waterhouse  enquired  what  was  the  weight  of  the 
boring  machine,  and  whether  it  was  applicable  also  to  sinking 
vertical  shafts. 

Mr.  Low  replied  that  the  weight  of  the  machine  was  about 
2  tons  including  the  carriage  ;  and  it  could  be  employed  for 
sinking  a  vertical  shafb,  in  which  case  the  weight  would  be 
only  about  80  cwts.  including  the  frame. 

Mr.  J.  MuBPHT  remarked  that  the  frequency  with  which  the 
boring,  tools  required  sharpening  would  depend  much  upon  the 
quality  and  temper  of  the  steel  employed ;  and  perhaps  a  harder 
quality  of  steel  might  be  procured  for  the  purpose,  which  would 
stand  for  a  longer  time  without  sharpening.  He  understood 
steel  was  now  made  of  such  superior  quality  as  to  be  oapable 
of  cutting  and  turning  steel  tyres  after  hardening  ;  and  if  that 
were  tried  for  the  boring  tools  it  would  probably  save  much  of 
the  trouble. of  sharpening  them.  The  form  of  the  boring  tools 
employed  in  the  machine  appeared  new,  as  he  had  not  seen 
that  form  used  in  boring  by  hand  ;  and  the  peculiar  shape 
might  perhaps  account  in  part  for  the  greater  durability  of  the 
tools  when  worked  by  the  machine  than  in  hand  work,  since 
the  shape  of  the  tool  had  no  doubt  a  gpreat  effect  on  the  effidencj 
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with  wluch  tlie  work  was  done  ;    but  if  the  same  sliaped  tools 

were  employed  with  the  machine  and  by  hand  he  did  not  understand 

why  tfa^  should  be  found  to  require  sharpening  so  much  less 

frequently  with  the  machine,  as  the  action  upon  the  tool  appeared 

very  similar  in  both  cases.     In  the  present  machine  there  was 

some  appearance    of    complication,    arising    probably  from    the 

somber  of  small  parts  of  which  it  was  composed ;  but  the  utility 

of  a  boring  machine  when  applied  for  sinking  vertical  shafts  had 

been  strongly  exemplified  at  Cardiff,  where  one  of  Messrs.  Mather 

and  Piatt's  boring  machines  had  been  employed  with  great  success 

to  bore  for  water.     That  machine  bored  a  well  of  18  inches  diameter 

at  the  rate  of  20  to  30  feet  per  week  to  a  depth  of  295  feet,  chiefly 

through  the  old  red  sandstone  rock,  from  which  excellent  water  was 

obtained ;  and  the  weU  now  yielded  a  supply  of  about  500  gallons 

per  minute,  whicli  was  used  for  brewing  purposes.     Another  of  the 

ame  machines  had  been  employed  also  at  Middlesbrough  to  bore 

for  ooal,  and  had  bored  a  hole  of  22  inches  diameter  part  of  the  way 

ud  afterwards  18  inches  diameter,  to  a  total  depth  of  1800  feet 

throBgh  new  red  sandstone ;   and  he  had  no  doubt  the  machines 

would  soon  be  brought  into  practical  operation  for  various  purposes. 

Had  the  practicability  of   sinking  wells  in  that  ready  manner 

been  demonstrated  earlier,  it  might  perhaps  he  thought  have  been 

expedient  to  try  boring  for  water  in  the  immediate  neighbourhood 

of  Dublin,   before   bringing  it  in   from,  so   great  a  distance  as 

Boondwood. 

Mr.  J.  Andbbws,  resident  engineer  upon  the  works  in  progress 
of  the  Dublin  Water  Works,  remarked  that,  in  reference  to  the 
icSatiTe  durability  of  the  boring  tools  when  worked  by  the  machine 
and  hj  hand,  the  cause  of  the  tools  requiring  less  frequent  sharpening 
with  the  machine  was  probably  to  be  found  in  the  fact  that  the 
tod  being  attached  to  the  piston  in  the  working  cylinder  gave  the 
hbw  on  the  rock  and  was  itself  the  hammer ;  it  was  also  guided 
with  precision  in  the  blow,  and  turned  with  regularity,  so  that  the 
point  or  chisel  struck  with  a  solid  and  even  bearing  in  the  bottom 
of  the  hole.  Moreover  the  force  of  the  blow  was  given  to  the  tool 
hj^the  compressed  air  behind  the  piston  in  the  working  cylindei*, 

D  2 
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wMcli  had  not  tlie  damaging  effect  upon  the  tool  occasioned  by  ilie 
dead  blow  of  a  hammer.  In  the  latter  case  not  only  did  the  hammer 
soon  destroy  the  end  of  the  tool  on  which  it  struck,  but  the  cliiseil 
end  also  was  soon  rendered  useless  by  the  unsteadiness  with  nrliich 
it  was  held  and  turned  by  the  hand,  the  blow  being  giren  when 
only  a  comer  of  the  chisel  touched  in  the  bottom  of  the  hole,  nrhich 
caused  the  sharp  edge  to  be  chipped  and  broken  by  a  few  strokes. 
The  length  of  stroke  of  the  tool  in  the  machine  was  about  4  inpl*^ 
and  the  lighter  blow  given  by  it  at  each  stroke  as  compaared.  with 
hand  work  was  more  than  made  up  for  by  the  very  much  gr^eater 
rapidity  of  the  strokes  with  the  machine,  whereby  the  hole  was  bored 
in  a  shorter  time  and  with  less  injury  to  the  tools. 

The  Pbesident  enquired  what  was  the  rate  of  adyance  of  the 
tunnel  per  day  at  the  part  where  the  machine  was  now  Trorking' ; 
and  what  had  been  found  to  be  the  practical  advantage  of  boring 
by  the  machine  as  compared  with  hand  labour. 

Mr.  J.  Andrews  replied  that  in  the  very  hard  lower  Cambrian 
rock  in  which  the  machine  was  now  working  the  rate  of  advajioe  of 
the  tunnel  was  from  6  to  8  inches  forward  per  day,  the  size  of  ihe 
tunnel  being  about  6  feet  high  by  5  feet  wide.  With  regard  to 
the  comparative  advantage  of  boring  by  the  machine  or  by  band, 
he  had  seen  a  hole  of  from  20  to  24  inches  depth  bored  hy  tiie 
machine  in  from  15  to  20  minutes  in  a  part  of  the  rock  not 
intersected  by  quartz  veins,  and  three  tools  only  were  required  to 
perform  this  work  ;  but  to  do  the  same  work  by  hand  labour  w^onld 
have  required  two  men  for  about  2  hours,  and  would  have  taken  as 
many  as  from  20  to  30  or  even  40  tools.  The  expense  of  boring*  bj 
the  machine  was  about  equal  to  that  of  hand  labour,  but  tbe 
machine  had  not  yet  been  at  work  long  enough  to  do  more  than 
about  12  or  15  yards  of  direct  work. 

The  P&ESiDENT  enquired  whether  by  putting  a  suficdent 
number  of  men  upon  the  work  the  tunnel  could  be  driven  as  fast  hy 
hand  labour  as  by  the  machine. 

Mr.  J.  Andrews  said  there  was  so  little  room  for  working'  ut 
the  £BM3e  of  the  rock,  on  account  of  the  small  size  of  the  tunnel,  that 
the   machine  would  bore  more  holes   in  a  given  time    than    it 
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was  possible  to  do  b^  hand  labour  *  imder  any  oirciiinstanees. 
Notwithstanding  this  advantage  howeyer  the  actual  rate  of  advance 
of  the  tunnel  had  not  been  greater  since  the  machine  was  used 
than  before  its  employment.  This  was  on  account  of  the  small 
size  and  rectangalaT  form  of  the  tunnel  not  admitting  of  the  ftdl 
benefit  being  derired  from  the  machine,  as  much  of  the  work  in 
getting  out  the  oomers  had  still  to  be  done  by  hand ;  and  much 
time  was  taken  up  in  shifting  the  working  parts  into  new  positions, 
hammering  off  the  shaken  rock,  and  getting  the  debris  out  of  the 
way.  Horeover  the  frame  of  the  present  machine  was  found  rather 
dumsy  in  the  confined  space  of  the  tunnel,  and  a  smaller  frame 
which  was  now  being  made,  better  adapted  to  the  situation,  would 
enaUe  the  work  to  be  carried  forwards  much  more  rapidly. 

Mr.  J.  MuBPHT  enquired  what  was  the  difference  between  the 
machine  now  described  and  that. employed  for  excavating  the  large 
Mont  Cenis  tunnel  between  France  and  Italy,  which  he  understood 
was  advancing  at  the  rate  of  about  3  feet  per  day. 

Mr.  J.  Anbbsws  believed  the  boring  tools  were  similar  in  the 
two  machines,  but  the  Mont  Cenis  machine  consisted  of  a  large  frame 
<2>R7mg  dght^  boring  cylinders  and  tools  working  independently  by 
oompreased  air ;  an  adit  was  driven  by  this  means  9  feet  square, 
and  the  whole  size  of  the  tunnel  was  afterwards  completed  by  hand 
labour  to  about  26  feet  by  24  feet.  As  many  as  80  holes  8  feet  deep 
were  bored  in  the  adit  &/oe  before  blasting.  Each  boring  part  of 
thai  machine  could  only  work  horizontally,  and  was  longer  and 
higer  than  in  the  present  machine,  in  which  the  boring  tool  could 
be  turned  to  any  angle  and  set  to  work  either  horizontally  forwards 
or  BidewayB  or  vertically  or  at  any  intermediate  inclination,  by 
mfiana  of  the  several  adjustments  provided  in  the  frame  of  the 
mchine,  so  as  to  suit  the  best  position  and  direction  for  inserting 
the  hole,  in  order  to  obtain  the  greatest  amount  of  shaken  rock  at 
<me  blast.  A  model  of  the  frame  was  exhibited,  showing  the 
vnmgement  for  allowing  of  turning  the  tool  to  work  in  any  desired 
^ueetion. 

Mr.  W.  E.  Nbwtok  enquired  whether  the  machine  could  not  be 
vraaged  for  working  two  boring  tools  so  as  to  bore  two  holes 
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at  a  time  instead  of  only  'one.  As  the  rate  of  excavating  tlie 
tunnel  at  present  hy  the  machine  was  apparently  hardly  greater 
than  by  hand  work,  he  suggested  that  the  tnnnel  might  be 
driven  even  fester  by  hand  labour  by  employing  a  few  more  men, 
unless  the  machine  could  be  arranged  to  bore  two  or  more  holes 
at  a  time. 

Mr.  J.  Andrews  replied  that  the  machine  could  readily  be 
arranged  to  work  two  or  more  boring  tools  at  a  time,  and 
would  have  been  employed  in  that  manner  had  the  tonnd 
been  large  enough  to  allow  of  working  more  than  a  single  tod 
conveniently. 

Sir  John  Gray,  M.P.,  chairman  of  the  Dublin  Water  Works, 
remarked  that  it  must  be  borne  in  mind  that  the  Boundwood 
Tunnel,  in  which  the  machine  was  now  working,  was  so  vezy 
small  that  in  working  by  hand  labour  there  was  only  room  for 
boring  one  hole  at  a  time,  for  which  two  men  were  required, 
one  to  hold  the  boring  tool  and  the  other  to  strike  it  with  &e 
hammer.  In  the  case  of  any  given  hole  the  machine  bored 
much  more  rapidly  than  could  be  done  by  hand,  as  was  shown  by 
the  &ct  that  in  regular  working  the  machine  bored  holes  of 
20  inches  depth  in  20  minutes  each,  which  took  2  hours  at  least 
by  hand  labour.  The  machine  was  at  present  indeed  only  in  an 
experimental  condition,  having  been  tried  two  or  three  times 
previously  in  different  firanfes,  the  great  object  throughout  having 
been  not  so  much  to  saVe  expense  as  to  economise  time ;  for  the 
materials  to  be  bored  through  in  the  formation  of  the  tunnel  had 
proved  so  much  harder  and  more  difficult  of  removal  than  had  been 
expected,  that  it  was  found  the  tunnel  could  not  be  completed  by 
hand  labour  within  the  time  stipulated,  and  the  machine  had 
therefore  been  tried  with  the  view  of  expediting  the  work.  The 
first  machine  was  tried  for  the  purpose  about  twelve  months  ago, 
but  did  not  prove  sufficiently  effective ;  and  the  second  machine, 
though  containing  some  improvements  which  made  it  a  little  more 
effective,  still  did  not  answer :  the  machine  now  in  use,  the  third 
that  had  been  tried,  was  the  first  which  had  performed  any 
satis&ctory  work,  and  it  certainly  did  bore  in  a  narrow  tunnel 
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mncJi  mare  rapidly  than  oonld  be  done  hy  band  labour.  K  tbere 
were  a  larger  space  to  work  in,  so  tbat  two  or  tbree  of  tbe  boring 
tools  could  be  put  to  work  hy  tbe  inacbine  at  tbe  same  time,  tbe 
excavition  would  of  cotirse  be  proceeded  witb  mncb  more  rapidly ; 
and  owing  to  tbe  inconvenience  of  tbe  present  £rame  of  tbe  inacbine 
in  tbe  confined  space  of  tbe  tnnnel,  tbere  was  not  sufficient  facility 
for  tarning  tbe  boring  tool  to  work  at  tbe  different  angles  at  wbicb 
it  was  desirable  tbat  it  sbonld  be  employed  in  order  to  derive  tbe 
M  benefit  firom  tbe  nse  of  tbe  inacbine  and  reduce  tbe  amennt  of 
band  work  in  boring  tbe  boles.  At  present  tbe  inacbine  was 
practically  only  able  to  work  witbin  a  certain  range  of  angle,  so 
that  only  a  comparatively  small  portion  of  tbe  work  of  driving  tbe 
tunnel  was  really  done  by  tbe  macbine,  and  tbe  rest  bad  still  to  be 
done  hj  band  labour.  Tbe  practical  result  tberefore  up  to  tbe 
present  time  bad  not  been  so  satis&ctoxy  even  in  regard  to  tune  as 
could  bave  been  wished,  tbe  inacbine  not  baving  produced  a  mucb 
more  rapid  rate  of  progress  in  driving  tbe  tunnel,  notwitbstanding 
tbe  Tery  great  increase  of  rapidity  in  boring  each  individual  bole 
by  the  macbine. 

Mr.  C.  Cochrane  observed  tbat,  from  tbe  information  wbicb 
bad  been  given  respecting  tbe  practical  working  of  tbe  macbine 
in  tbe  Boundwood  Tunnel  and  tbe  actual  rate  of  progress  of  tbe 
work,  it  would  appear  tbat  a  very  large  proportion  of  tbe  wbole 
time  must  be  absorbed  in  tbe  mere  adjustment  of  tbe  inacbine 
between  tbe  boring  of  each  successive  bole,  and  also  in  executing 
tbe  large  proportion  of  comer  work  wbicb  bad  to  be  done  by  band 
Uwnr ;  for  it  was  impossible  otberwise  to  understand  bow  tbere 
oonld  be  so  little  economy  of  time  effected  by  using  tbe  macbine, 
considering  tbe  very  great  increase  of  rapidity  in  boring  tbe  boles 
by  the  macbine  as  compared  witb  band  labour.  He  suggested  tbat 
tbere  migbt  al^o  be  a  good  deal  more  delay  in  removing  tbe 
macbine  before  firing  tbe  cbarges  tban  bad  been  mentioned; 
becanse,  altbougb  tbe  macbine  ran  upon  a  tramroad  on  wbicb 
it  oonld  be  drawn  back  quickly,  tbere  was  tbe  flexible  air  tube  in 
tbe  way,  wbicb  would  bave  to  be  removed  first  to  avoid  obstructing 
tbe  passage  of  tbe  inacbine. 
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Mr.  Neyillb,  engiiieer  to  tlie  corporation  of  Dublin^  said  tliere 
was  no  doubt  the  greatest  delay  arose  from  the  inconyenienoe 
and  loss  of  time  in  moying  the  present  frame  of  the  machine  in  the 
small  tunnel ;  a  new  frame  was  now  being  made  for  the  purpose, 
with  the  modifications  that  had  been  fonnd  desirable  for  adapting 
it  better  to  the  circmnstances  of  the  situation,  and  when  that  was 
completed  it  was  expected  the  progress  of  the  work  would  be  mnch 
more  rapid. 

The  Pbesidekt  remarked  that  it  was  evident  the  machine  had 
not  yet  been  long  enongh  at  work  to  allow  of  its  frill  advantageB 
being  realised ;  bnt  it  was  certainly  one  of  great  ingenniiy,  and 
from  the  particulars  that  had  been  given  respecting  its  performance 
under  the  disadvantageous  circumstances  in  which  it  had  at  present 
been  employed  there  seemed  no  doubt  that  it  would  ultimatelj 
prove  a  valuable  machine  for  rock  boring. 

He  moved  a  vote  of  thanks  to  Mr.  Low  for  his  paper,  which 
was  passed. 


The  following  paper,  by  Mr.  Parke  Neville,  Engineer  to  the 
corporation  of  Dublin,  communicated  through  the  President,  was 
then  read: — 
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ON  THE  NEW 
DUBLIN   CORPORATION  WATER  WORKS 
FOR  THE  SUPPIiY  OF  WATER  FROM  THE  RIVER  VARTRY. 


Bt  Mr.  PABEE  NSYILLE,  of  Dttblin. 


The  supply  of  Water  to  the  city  of  Dublin  was  for  several 

oentnries  obtained  entirely  from  the  River  Dodder,  Fig.  2,  Plate  61, 

acroes  which  a  weir  had  been  constracted  near  Templeogae,    at 

about  5  miles  dista;9oe  from  Dublin,  whence  the  water  was  and  is 

8tiQ  conveyed  into  Dublin  by  an  open  conduit  called  the  ^*  dty 

iraber-eourae."     In  1775  the  water  supplied  from  this  source  was 

found  80  bad  and  insufficient  tbat  tbe  corporation  arranged  for 

oibtaiiiing  what  was  then  considered  an  ample  supply  of  water  from 

ibe  Grand  Canal ;  and  in  1806,  the  quantity  having  again  become 

insd&cient,  a  better  supply  was  procured  from  the  Grand  Canal  and 

also  from  the  Royal  Canal,  which  was  measured  by  overfrlls  of  a 

certain  length.     This  last  arrangement  was  made  to  extend  over  a 

term  of  sisty  years,  and  under  it  DubHn  has  been  supplied  up  to 

the  present  date. 

The  Royal  Canal  supplies  water  to  the  north  side  of  the  city, 
and  the  Ghrand  Canal  and  city  water-course  to  the  south  side ;  the 
water  for  the  former  being  received  into  the  city  basin  at 
Bkssington  Street,  and  for  the  latter  into  the  James  Street  and 
Portobello  basins.  The  level  of  the  water  in  the  north  basin  is 
78  feet,  and  in  the  south  basin  76  feet,  above  ordnance  datum, 
which  is  the  level  of  low  water  of  a  12  foot  tide.  The  surface  levels 
of  the  lowest  parts  of  the  city  along  the  quays  range  from  20  to 
28  lieet  above  this  datum,  and  the  head  of  water  in  those  parts 
is  therefore  only  about  50  feet,  while  over  the  average  of  the 
citf  it  IB  not  more  than  25  feet,  and  some  parts  are  at  too  high  a 
level  to  be  suppHed  at  all. 
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The  water  obtained  from  the  Dodder  is  of  a  soft  quality,  and 
would  be  very  good  for  domestic  use,  were  it  not  for  the  pollutions 
received  from  paper  and  other  mills,  which  have  been  allowed  to  be 
erected  from  time  to  time  along  the  conrse  of  the  river.  The  water 
of  the  canals  is  very  hard,  having  a  hardness  of  15  to  16  degrees  b^ 
Dr.  Clark's  test,  a  hardness  of  1  degree  being  that  dne  to  1  grain  of 
chalk  dissolved  in  1  gallon  of  distilled  water ;  and  the  canal  water 
is  also  liable  to  great  pollution. 

For  many  years  the  want  of  a  really  good  supply  of  soft  waier 
and  at  high  pressure  for  the  city  and  the  suburban  districts  was 
strongly  felt,  and  various  plans  have  been  proposed  for  obtaining  a 
new  or  improved  supply.  In  1857  it  was  proposed  to  obtain  a 
supply  frt)m  the  canals  at  a  higher  level,  where  their  water  -was  more 
pure ;  and  it  was  afterwards  proposed  to  obtain  water  from  the 
liffey  at  about  20  nules  above  Dublin.  But  finally  in  1860  the 
whole  question  of  the  water  supply  to  Dublin  was  referred  to  a 
royal  commissioner,  Mr.  Hawkshaw,  who  recommended  obtaining  a 
supply  of  water  from  the  Biver  Yartry.  An  Act  was  passed  in  1861 
for  the  purpose  of  carrying  this  into  effect,  and  the  work  was 
commenced  in  November  1862,  the  amount  of  the  contract  for  the 
whole  being  £274,000. 

In  Fig.  1,  Plate  60,  is  shown  a  plan  of  the  drainage  area  from 
which  the  supply  of  water  is  obtained ;  and  Fig.  2,  Plate  61,  is  a 
general  plan  of  the  whole  course  of  the  water  works  from  the 
Biver  Yartry  to  Dublin.  Fig.  3,  Plate  62,  is  a  longitudinal  section 
along  the  hue  of  the  works. 

The  Biver  Yartry  rises  at  the  southern  base  of  the  Ghreat 
Sugarloaf  Mountain  in  the  counfy  of  Wicklow,  Figs.  1  and  2,  and 
flowing  in  a  southerly  direction  through  a  very  thinly  populated 
country  reaches  the  Devil's  Glen  at  a  distance  of  about  10  miles 
from  its  source.  After  passing  over  the  fall  it  continues  through  the 
glen  to  the  Broad  Lough,  from  which  it  flows  into  the  sea  at 
Wicklow.  The  water  of  the  Yartry  is  collected  entirely  £rom  a  clay- 
slate  district,  and  is  peculiarly  soft  and  pure,  and  during  the  greater 
part  of  the  year  quite  fr^e  from  all  colour ;   it  is  almost  identical 
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in  analysis  with  the  Loch  Katrine  water  which  now  supplies 
Glasgow. 

Rain  ganges  hare  been  set  np  in  different  positions  and  at 
different  elevations  within  the  drainage  area  of  the  catchwater 
basin,  Fig.  1,  which  have  been  accurately  observed  for  more  than 
four  years ;  and  they  have  registered  the  foUowing  as  the  average 
annnal  rainfiill  OTer  the  whole  area : — 

In  1861     60*87  inches. 

1862     60-48     „ 

1863     44-85     „ 

1864     48-39     „ 

This  is  a  much  larger  rainMl  than  was  originally  calculated  to  be 
yielded  by  the  district,  and  leaves  no  doubt  as  to  the  sufficiency  of 
the  supply ;  and  the  whole  of  the  water  from  the  catchment  is 
ftTailable  for  the  waterworks  purposes,  as  all  mill  rights  &c.  along 
the  course  of  the  river  have  been  bought  up,  and  no  compensation 
water  has  to  be  ^ven  off. 

The  place  selected  for  the  formation  of  the  storage  reservoir  is 

at  Boondwood,  Fig.  1,  about  7|  miles  below  the  source  of  the 

mer;  and  at  the  point  A,  where  the  great  embankment  for  the 

reserroir  has  been  constructed,  the  bed  of  the  river  is  632  feet 

abore  ordnance  datum,   or  520   feet  above  the   highest  part  of 

Dublin.    The  drainage  area  above  this  point  is  13,992  acres  or 

22  square  miles,  and  the  area  of  the  reservoir  will  be  409  acres. 

When  fall,  the  level  of  the  water  will  be  692  feet  above  the  datum ; 

tnd  the  reservoir  will  hold  about  2400  million  gallons  of  water,  or 

200  days'  supply  for  the  city  and  suburban  districts,  taking  the 

daQy  quantity  required  at  12  million  gallons ;  but  this  is  much  in 

excess  of  what  it  is  expected  will  actually  be  required  for  many 

years,  as  the  present  population  to  be  supplied  is  only  abox|,t 

^»000.    The  quantity  calculated  for  would  supply  a  population 

of  400,000  with  25  gallons  per  head  per  day,  and  leave  a  surplus 

of  2  million  gallons  per  day  for  manufacturing  and  other  purposes. 

The  main  embankment  of  the  Bound  wood  reservoir  is  66  feet 

lugh  in  the  deepest  part,  and  the  greatest  depth  of  water  in  the 

wwnroir  is  60  feet.     The  embankment  is  2000  feet  long  on  the  top, 

s&d  has  a  public  road  24  feet  wide  carried  over  it ;  the  entire  breadth 

e2 
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of  the  bank  at  the  top  is  28  feet,  and  at  the  base  in  the  deepest  port 
880  feet.  The  enter  slope  is  2|  to  1  and  the  inner  8  to  1 ;  and  the 
total  quantity  of  earthwork  in  the  embankment  is  320,000  cabic 
yards.  The  puddle  wall  is  6  feet  wide  at  top,  and  about  18  &et 
wide  at  bottom  on  the  level  of  the  sur&oe  of  the  old  river  bank ; 
and  throughout  its  entire  length  the  puddle  wall  is  carried  down  to 
the  solid  rock.  The  by-wash  or  waste  weir  is  800  feet  wide,  and 
discharges  into  the  old  riyer  course,  as  shown  at  B,  Fig.  1. 

A  tunnel  for  the  outlet  firom  the  reservoir  is  formed  under  the 
eastern  end  of  the  embankment,  by  excavating  an  open  cutting  into 
the  rock,  and  then  arching  it  over  with  a  semicircular  arch  of 
ashlar  stone  4  feet  thick  ;  it  is  14  feet  high  by  14  feet  wide  in  the 
broadest  part.  Near  the  centre  of  the  tunnel  is  a  brick  plugging 
20  feet  thick,  carefully  toothed  into  wedge-shaped  recesses  in  the 
solid  rock.  Through  this  plugging  are  laid  two  cast  iron  pipes  of 
48  and  88  inches  diameter ;  the  larger  of  which  is  intended  chiefly 
as  a  sluice  for  lowering  the  water  level  in  the  reservoir  quiddj) 
and  is  to  be  continued  into  the  taU  of  the  by-wash,  near  where 
the  latter  joins  the  old  river  course.  The  88  inch  pipe  is  fat 
conveying  the  water  into  the  circular  distributing  basin,  from  which 
it  passes  by  conduits  to  the  filter  beds,  and  thence  into  the  ptone 
water  tanks.  In  the  valve  chamber  at  the  outer  end  of  Hke 
embankment  tunnel  a  very  complete  set  of  stop-valves  is  placed 
for  enabling  both  the  48  and  88  inch  pipes  to  be  worked  as  maj 
be  required.  At  the  inner  end  of  the  embankment  tunnel  is  built 
a  water  tower,  into  the  bottom  of  which  the  88  inch  pipe  is  carried ; 
and  in  the  sides  of  the  tower  are  inlet  openings,  with  valves  fixed 
on  the  inside,  for  enabling  the  water  to  be  drawn  from  the  reservoir 
at  different  levels,  in  order  that  it  may  be  drawn  off  in  the  best 
state  for  use. 

The  filter  beds  and  pure  water  tanks  cover  about  6  acres. 
There  are  seven  filter  beds,  each  205  feet  long  by  110  feet  wide ; 
and  any  six  of  these  working  at  the  same  time  will  be  sufficient  to 
filter  the  required  quantity  of  water,  so  that  one  can  always  be 
spared  for  the  purpose  of  cleansing  and  washing  the  sand  and  for 
repairs.     The  filtering  material  employed  will  be  sand,  gravel,  and 
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btikm  stone.  The  two  pure  water  tanks  which  receive  the  water 
from  the  filters  hold  2,730,000  gallons  of  water  each,  and  are  placed 
80  that  four  of  the  filters  are  on  one  side  of  them  and  three  on  the 
other,  the  remaining  space  on  the  latter  side  being  occupied  by  a 
sand-deansing  machine  and  store  for  the  sand.  From  these  tanks 
the  water  will  be  carried  for  a  distance  of  abont  700  yards  in  a  cast 
iron  pipe,  42  inches  diameter,  laid  with  a  fall  of  6  feet  per  mile, 
unto  it  reaches  the  tunnel,  into  which  it  is  carried  for  a  length  of 
120  jards  so  as  to  get  to  the  solid  rock. 

This  tunnel  is  4367  yards  long  or  nearly  2}  miles,  the  entire 
lengtii  being  through  very  hard  Cambrian  rock  full  of  quartz 
veiBB.  Twenty-one  shafts  haye  been  stmk  along  the  course  of  the 
tumel,  as  shown  in  Eig.  1,  from  which  the  miners  work  right  and 
kft ;  and  up  to  the  present  date  the  headings  from  five  of  the  shafts 
haye  met,  and  8160  yards  or  If  miles  have  now  been  tunnelled. 
The  tonnel  is  6  feet  high  and  5  feet  wide,  and  has  a  fall  of  4  feet 
per  mile  throughout.  This  work  has  turned  out  much  more  difficult 
and  tedious  than  was  anticipated,  chiefly  owing  to  the  hardness  of 
the  rode,  and  the  gpreat  quantity  of  water  met  with  in  the  shafts 
and  headings,  which  requires  very  large  pumping  power ;  and  it  is 
ffjknkted  that  the  tunnel  cannot  now  be  completed  before  the 
Istter  end  of  next  year. 

At  the  lower  or  Dublin  end  of  the  tunnel  there  will  be  a  relieving 
tank  and  measuring  weir,  where  the  water  {>assed  down  for  the 
supply  of  the  city  will  be  gauged  daily.  From  this  tank,  in  which 
the  sar&ce  of  the  water  will  be  606  feet  above  the  ordnance  datum, 
a  33  inch  main  conveys  the  water  to  the  distributing  reservoirs  at 
StiDorgan,  haviug  a  self-acting  stop-valve  at  its  junction  with  the 
ta>nk,  to  prevent  flooding  in  the  event  of  a  pipe  bursting. 

The  average  fieJling  gradient  of  the  main  is  20  feet  per  mile,  and 
it  passes  the  viUage  of  Newtown  Mount  Kennedy,  near  which  there 
is  another  self-acting  stox>-valve  at  the  point  C  in  Figs.  2  and  3  ;  it 
^hen  passes  along  the  coach  road  through  the  Glen  of  the  Downs  to 
the  Sahnnrray  reHef  tank,  which  is  about  7  miles  from  the  lower 
cad  of  the  tunnel    This  tank  is  circular,  excavated  out  of  a  gravel 
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hill,  and  lined  with  puddle  covered  with  pitching.  The  end  of  the 
main  delivering  into  the  tank  has  a  33  inch  double-acting  stop-yalye, 
and  there  is  a  self-acting  valye  on  the  mouth  of  the  main  leaving 
the  tank.  The  surface  level  of  the  water  in  this  tank  is  473  feet 
above  ordnance  datum. 

The  main  is  then  brought  down  again  to  the  road^  and  continued 
3  miles  to  the  EZilcrony  relief  tank,  situated  on  the  top  of  the  soathem 
bank  of  the  Dargle,  and  commanding  a  remarkably  fine  and  extensiTe 
view.  Owing  to  the  loose  character  of  the  quartz  rock  in  which 
this  tank  is  excavated,  it  has  to  be  lined  with  puddle.  The  water 
level  is  414]  feet  above  the  datum,  and  the  tank  is  provided  with 
inlet  and  outlet  valves  similar  to  those  at  the  preceding  tank. 

The  main  is  then  carried  down  under  the  Dargle  River,  and 
afterwards  under  the  Cooksfcown  Biver  to  the  Bathmichael  relief 
tank  at  3^  miles  distance,  which  is  excavated  in  the  rock  and 
happens  to  be  situated  exactly  on  the  junction  of  the  granite  with 
the  clay-slate,  so  that  one  side  of  the  tank  is  in  granite  and  the 
other  in  slate.  This  is  a  square  tank,  and  puddled ;  and  the  level 
of  the  water  in  it  is  341  feet  above  the  datum.  Here  also  then 
vnll  be  a  double-acting  stop-vaJve  and  a  self-acting  valve,  as 
described  for  the  other  tanks. 

The  main  is  then  continued  for  nearly  4  miles,  partly  along  the 
Wicklow  Railway,  having  a  self-acting  valve  and  stop- valve  inserted 
in  this  length  at  D,  Figs.  2  and  3 ;  and  it  terminates  at  the  two 
distributing  reservoirs  at  Stillorgan,  making  a  total  distance  d 
about  16f  miles  froxa  the  lower  end  of  the  tunnel. 

The  water  area  of  the  Stillorgan  reservoirs  is  18  acres,  and 
their  average  depth  about  20  feet,  so  that  the  two  wiU  contain  aboiit 
90  million  gallons  of  water.  The  surface  level  of  the  vrater  in 
the  upper  reservoir  is  274  feet,  and  in  the  lower  271  feet  above  the 
datum ;  and  the  latter  is  therefore  the  working  pressure  for  the 
supply  of  Dublin,  the  distance  being  4|  miles  from  the  city 
boundary,  making  the  total  distance  from  the  Boundwood  reservoir 
to  Dublin  about  24|  miles.  The  33  inch  Yartry  main  is  hid  into 
each    reservoir,  and    the   stop-valves  are  so  placed  that  either 
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RsexToir  can  be  worked  at  pleafimre ;  the  two  reservoirs  are  also 
connected  together  bj  a  pipe  laid  throngh  the  dividing  embankment. 

At  the  lower  reservoir  is  constmcted  the  valve-honse  and  screen- 
chamber,  into  which  mains  from  each  reservoir  are  laid,  together 
wiih  one  in  direct  continuation  from  the  Yartiy  main  ;  and  by  the 
system  of  valves  placed  in  this  chamber  the  water  can  be  drawn 
from  either  of  the  reservoirs,  or  direct  from  the  Vartry  main.  In 
the  latter  case  it  is  not  exposed  in  the  reservoirs  at  all,  which  in 
warm  weather  it  is  caJcnlated  will  be  a  great  advantage,  as  the 
water  will  thereby  be  delivered  cold  and  pnre.  At  the  same  time 
there  is  the.  security  of  having  always  about  10  days'  supply  of 
water  in  the  reservoirs  in  case  of  any  accident  to  the  main  pipe, 
thos  allowing  ample  time  for  any  repairs. 

The  screen-chamber  will  contain  a  set  of  copper  wire  screens, 
through  which  the  water  will  be  strained  before  entering  the  delivery 
mains,  so  as  to  remove  the  possibility  of  any  small  substance  being 
carried  into  the  mains.  These  screens  will  be  cleansed  periodically 
by  a  hose  and  jet,  and  the  arrangements  of  valves  are  such  as  to 
fellow  of  this  being  done  at  any  time  without  interfering  with  the 
regularity  of  the  supply. 

A  double  line  of  27  inch  mains  are  laid  out  of  the  screen- 
chamber,  with  self-acting  valves,  extending  4f  miles  to  the  city 
hoondary.  The  double  line  has  been  laid  with  the  view  of 
preventing  the  possibility  of  any  stoppage  in  the  supply  by  the 
bursting  of  a  main  or  the  necessity  for  any  occasional  repair ;  and 
connections  are  made  between  the  two  mains  at  three  points,  with 
gnmps  of  stop-valves  to  afford  the  means  of  turning  the  water  from 
otne  main  into  the  other  as  occasion  may  require.  Air  valves  have 
been  placed  on  all  summits,  and  scouring  valves  in  all  hollows. 

The  total  cost  of  the  entire  works  when  completed,  including 
£60,000  spent  in  the  extension  and  improvement  of  the  pipes 
within  the  city,  will  be  less  than  80».  per  head  of  the  population 
mppHed,  which  is  a  very  low  amount  as  compared  with  the  cost  at 
other  places. 
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Mr.  Neyille  mentdoned  that  the  paper  jost  read  had  been 
prepared  simply  as  a  general  description,  of  the  works,  to  serre 
as  a  guide  for  tlie  Members  in  connection  with  the  ezcnrsioii  to 
be  made  on  tlie  following  day  for  visiting  the  works,  and  not 
with  a  view  of  entering  folly  into  the  details  of  tlie  works. 

Mr.  J.  MuBPHT  enquired  whether  any  attempt  had  been  made 
to  procnre  water  in  Dublin  or  the  neighbourhood  by  boring,  before 
the  present  plan  of  supply  from  Boundwood  was  decided  npon. 
He  did  not  think  it  was  sufficient  to  infer  merely  jGrom  geological 
indications  the  supply  of  water  that  wonld  be  obtained  from  wells, 
in  the  absence  of  an  actual  trial  by  boring  ;  because  boring 
frequently  brought  to  light  fiicts  which  had  not  been  anticipated. 
In  the  boring  for  coal  at  Middlesbrough,  which  he  had  previously 
mentioned,  instead  of  the  coal  that  was  expected  to  be  found,  a  bed 
of  pnre  rock  salt  100  feet  thick  was  met  with,  the  existence  of  which 
had  not  been  suspected  from  any  previous  indications. 

The  Pbbsidbnt  observed  that  one  objection  to  obtaining  the 
water  supply  by  boring  woold  be  the  want  of  gravitation  in  that 
case  for  the  distribution  of  the  supply.  The  great  advantage  of 
the  scheme  now  being  carried  out  would  be  that  the  gravitation 
would  save  all  pumping  and  boring  ;  it  entailed  of  course  the 
expense  of  damming  up  the  water  in  the  first  instance  and 
conveying  it  into  the  cily,  but  all  heavy  expense  afterwards  ^t 
constant  pumping  was  then  avoided.  This  had  been  the  view  taken 
of  the  question  at  Glasgow,  where  the  water  supply  had  formerly  been 
by  pumping  from  the  Clyde ;  but  that  plan  had  now  been  abandoned 
and  the  water  was  brought  in  by  gravitation  from  Loch  Katrine, 
as  described  in  the  paper  read  at  the  meeting  of  the  Institution  in 
Glasgow  last  year.  In  the  new  Dublin  Water  Works,  he  thought 
there  might  be  some  difficulty  in  filtering  the  water,  owing  to  the 
quantity  of  sand  which  would  perhaps  be  found  to  be  brought 
down  by  the  water  from  the  extensive  drainage  area  from  which 
the  water  was  collected.  When  the  water  for  Glasgow  had  been 
drawn  frx>m  the  Clyde  it  contained  so  much  sand  that  there  had 
been  great  trouble  in  filtering  it,  owing  to  the  sand  getting  into  the 
filter  beds  and  stopping  their  action,  in  consequence  of  which  thej 
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i^XjItiired  to  be  cleaned  often.     Perliaps  however  the  Yartry  water 

^bt  not  have  so  mncli  sand  in  it  as  the  Clyde  water. 

Sir   John  Orat,  M.P.,  chairman  of  the  Dublin  Water  Works, 

said    that    before    the    gravitation    plan    was    decided    upon    a 

pTopoeal  had  been  made  to  try  the  boring  process  for  getting 

wttter;  bat  they  had  ultimately  come  to  the  conclusion  that  a 

great  many  weUs  would  have  to  be  sunk  and  a  large  number  of 

pumping  eng^es  erected  in  order  to  give  the  required  supply, 

and  that  that  mode  would  be  much  more  costly  on  the  whole  and 

not  nearly  so  effectual  as  the  gravitation  plan  now  being  carried 

out    Moreover  water  taken  from  the  strata  underneath  DubHn 

would  be  largely  impregnated  with  Hme ;  for  near  his  own  residence 

only  two  miles  from  Dublin  and  on  nearly  the  same  geological 

fiirmatbn  the  hardness  of  the  well  water  was  in  one  case  found 

to  he  as  much  as  91^  on  Dr.  Clark's  scale  (in  which  a  hardness 

of  1^  is  that  due  to  one  grain  of  chalk  dissolved  in  one  gallon 

of  distaDed  water,  the  hardness  being  the  property  of  destroying 

Boap).    The  well  water  in  Dublin  was  not  so  hard  as  this,  but  it 

varied  from  20^  of  hardness  upwards,  and  was  therefore  considerably 

harder  than  the  canal  water.    By  carrying  out  the  gravitation  plan 

the  Aqyply  would  be  self-acting,  with  a  high  pressure  for  fire 

eerviee  and  for  general  house  service,  and  a  better  quality  of  water 

would  be  obtained  at  a  much  cheaper  rate  than  would  be  possible 

in  anj  other  way. 

Kr.  Ketille  remarked  that  another  objection  to  the  pumping 
plan  was  that  the  geological  formation  on  which  Dublin  stood  was 
not  saeh  as  to  warrant  by  any  means  the  anticipation  of  a  sufficient 
water  supply.  It  was  quite  a  different  case  from  that  of  Cardiff, 
vUch  had  been  alluded  to  in  the  previous  discussion,  where  it  had 
•  been  stated  that  a  supply  of  good  water  had  been  obtained  from 
the  old  red  sandstone  by  boring. 

Hr.  W.  E.  Newton  enquired  upon  what  terms  it  was  proposed 
to  npply  the  water  in  Dublin,  whether  by  meter  or  by  a  charge 
npon  the  rental  of  the  houses. 

Sir  John  Gray  replied  that  both  modes  of  charging  for  the 
^U^  supply  would  be  adopted.    The  house  supply  would  be  at  a 
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poundage  rate  of  Is,  in  the  ponnd  on  tlie  valnation  of  tlie  propertj; 
this  would  be  a  compulsory  rate,  the  inhabitants  being  obliged  io 
pay  this  rate  for  the  water,  whilst  on  the  other  hand  the 
corporation  was  compelled  to  supply  the  water.  The  amount 
of  the  rate  however  was  not  so  high  as  the  same  nominal  rato 
in  England,  where  a  public  assessment  was  usually  made  upon  the 
rental  of  the  property  ;  for  in  Dublin  a  public  valuation  was  made 
of  all  property,  which  was  determined  by  law  to  be  on  an  average 
25  per  cent,  below  the  rental  of  the  property ;  so  that  the  rate 
of  Is,  in  the  pound  was  equivalent  to  only  9d.  in  the  ponnd  in 
England,  and  in  fact  rather  less,  owing  to  the  lower  proportionate 
rentals  of  property  in  Dublin  as  compared  with  most  large  towns 
in  England.  The  other  mode  of  supply,  by  meter,  was  intended 
principally  for  manufacturing  purposes,  and  an  ordinary  meter 
rent  would  be  charged  for  keeping  the  meters  in  repair,  and  a  fiiir 
rate  for  the  water  supplied.  The  charge  for  the  water  was  not 
fixed,  but  the  rate  would  be  matter  of  agreement  in  each  case. 

Previous  to  the  commencement  of  the  works  now  in  progress 
the  old  system  of  rating  in  Dublin  had  been  by  a  sliding  scale, 
which  pressed  very  unequally  on  the  poorer  classes.  It  began  at 
6s.  per  annum  for  a  certain  class  of  perhaps  very  small  houses,  and 
rose  to  10s.  and  16s.  for  other  classes ;  and  dOs.  per  n-TiTmin  had 
been  the  highest  rate  that  could  be  charged  upon  any  class  of 
house.  There  was  also  another  very  defective  arrangement  under 
the  old  system,  by  which  a  bath,  a  water-closet,  and  a  stable  were 
each  charged  for  separately  in  addition  ;  in  consequence  of  which 
it  was  calculated  that  a  person  Hving  in  a  very  moderate  sized 
house  might  have  to  pay  for  water  as  much  as  2s.  3d.  in  the  ponnd 
on  his  valuation,  whilst  another  person  living  in  a  larger  house 
but  without  those  extras  might  be  paying  no  more  than  from 
M.  to  4(2.  in  the  pound  for  water  supply.  It  had  therefore  been 
concluded  that  the  old  system  of  charging  was  very  unjust,  and 
that  it  would  be  better  to  have  the  equal  method  of  rating  at 
Is,  in  the  pound  on  the  valuation  of  all  property  ;  and  it  had  also 
been  satis&ctorily  ascertained  beforehand  that  this  amount  of  rate 
would  not  only  never  have  to  be  exceeded,  but  that  it  would  do 
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more  than  paj  for  all  the  expenses  of  the  works,  leaving  a  large 
fond  in  the  hands  of  the  corporation  for  the  pablic  benefit,  and 
a&owing  ultimately  of  a  reduction  in  the  rate  itself. 

The  President  thought  the  rate  of  1*.  in  the  pound  in  Dublin, 
which  was  equivalent  to  only  9d.  in  the  pound  in  England,  was  a 
▼ery  moderate  amount.  In  Glasgow  the  rate  had  been  at  first  as 
much  as  Is.  2d.  in  the  pound  on  the  rental,  but  it  had  now  been 
reduced  to  1«.,  which  was  found  ample,  leaving  a  large  amount  of 
profit)  and  he  thought  it  very  likely  that  the  rate  would  be  still 
fbrther  reduced  before  long. 

With  regard  to  the  quantity  of  water  proposed  to  be  supplied 
to  Dublin,  12  million  gallons  per  day  to  a  population  of  340,000 
appeared  small  in  comparison  with  that  in  Glasgow,  where  the 
population  was  not  one  half  more  than  in  Dublin  but  the  quantity 
of  water  supplied  was  23  million  gallons  per  day.  No  doubt  there 
was  great  extravagance  and  waste  of  water  in  Glasgow  to  account 
for  80  large  a  consumption  per  day ;  and  it  remained  to  be  seen 
whether  the  population  in  Dublin  would  be  so  much  more  careful 
of  the  water  as  to  find  the  smaller  supply  sufficient. 

Sir  John  Gbat  said  the  water  supply  to  Glasgow  was  certainly 
eiteTaganiiy  large,  and  not  only  was  more  water  used  there  than 
was  at  an  necessary  but  there  was  also  a  very  large  waiste  indeed. 
He  understood  that  means  were  being  devised  for  reducing  the 
vaste,  and  that  it  had  already  been  reduced  as  much  as 
8  or  10  million  gallons  per  day  by  a  better  mode  of  inspection. 
The  possibility  was  contemplated  of  a  large  waste  occurring  in 
DabHn,  unless  provision  were  made  to  prevent  it ;  for  at  present 
it  bad  been  ascertained  that  under  the  existing  system  of  supply 
there  was  more  water  wasted  in  Dublin  than  was  used.  It  had 
therefore  been  determined  to  prevent  such  excessive  waste  under 
the  new  supply,  and  although  the  new  works  would  not  be 
completed  for  more  than  a  year,  the  water  arrangements  and 
fittings  of  every  house  were  already  being  inspected,  and  it  was 
iatended  to  have  a  system  of  house  tap  service  of  the  most  perfect 
kind  that  could  be  obtained,  in  order  to  prevent  any  needless  waste, 
and  in  that  way  to  render  the  water  supply  quite  sufficient  for  the 

F  2 
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requirements  of  tlie  population,  tliongli  not  so  large  per  liead  as 
tliat  of  Glasgow.  In  Manchester,  whicli  was  considered  to  be 
very  well  supplied  with  water,  the  daily  snpply  per  head  was 
nnder  21  gallons,  and  he  understood  that  qnantily  was  found 
amply  sufficient ;  and  the  supply  contemplated  for  Dnhlin  of 
12  million  gallons  per  day  would  therefore  be  much  larger  than 
the  Manchester  supply,  as  it  would  be  equivalent  to  as  much  as 
35  gallons  per  head  per  day  to  the  present  population  of  340,000. 

Mr.  Neville  remarked  that  the  quantity  of  water  required  for 
manu&tcturing  puq>oses  in  Glasgow  was  from  ten  to  twenty  times 
as  great  as  that  employed  for  the'  same  purposes  in  Dublin,  which 
might  partly  account  for  the  much  larger  consumption  in  Glasgow. 

The  President  beUeved  the  great  waste  of  water  in  Glasgow 
was  in  connection  with  the  house  supply,  though  he  could  not 
understand  how  any  one  could  manage  to  waste  more  than 
25  gallons  per  head  per  day,  and  he  considered  a  much  smaller 
quantity  would  be  amply  sufficient  for  all  reasonable  requirements. 

Mr.  J.  MuRPHT  thought  that  with  such  an  abundant  supply  of 
water  as  would  be  obtained  from  the  extensive  watershed  at 
Boundwood  it  would  be  a  great  mistake  to  limit  the  quaatily 
of  water  to  be  used  in  such  a  city  as  Dublin,  for  he  considered 
that  nothing  was  more  conducive  to  the  salutary  condition  of  a 
town  than  a  plentiful  supply  of  water.  Moreover  that  which  was 
spoken  of  as  waste  of  water  ought  not  to  be  regarded  as  altogether 
wasted,  for  it  passed  into  the  sewers  and  cleansed  them,  by 
removing  impurities  which  could  not  be  removed  by  other  means ; 
and  he  believed  this  mode  of  cleansing  the  sewers  was  found 
preferable  to  flushiag  them  at  intervals,  which  he  understood  had 
been  attended  with  injurious  effects  in  many  cases  in  consequence 
of  the  violent  current  of  water  washing  away  the  mortar  firom 
between  the  bricks  of  the  sewers  and  thereby  causing  them  to  &Q  in. 

The  President  suggested  that  if  the  flushing  of  the  sewers 
were  placed  under  the  control  of  the  corporation  it  might  be 
done  at  the  most  suitable  periods  for  efficiently  cleansing  the 
sewers,  which  would  be  better  than  allowing  an  indiscriminate 
waste  of  water,  when  one  part  of  the  sewers  might  perhaps  be 
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dean  where  the  water  was  much  wasted,  and  another  part  foul 
where  there  was  less  waste. 

Sir  John  GtRat  explained  that  the  whole  management  of  the 
water,  sewerage,  and  streets  of  Dabhn  was  now  in  the  hands  of 
ihe  corporation  ;  and  great  advantage  was  expected  to  resnlt 
from  the  nnity  of  action  that  would  thereby  be  obtained.  With 
regud  to  waste  of  water  he.beliered  it  was  a  mistake  to  suppose 
thai  any  benefit  as  to  flushing  of  sewers  arose  from  a  continual 
waste  running  into  the  sewers ;  for  it  had  been  found  by  experiment 
that  a  continual  dribble  of  water  which  might  be  very  wasteful 
to  the  water  supply  had  very  little  beneficial  effect  in  cleansing 
the  sewers ;  and  he  believed  that  a  good  system  of  periodicsd 
flushing  would  do  &r  more  to  remove  refiise  matter  and  carry 
off  putrescent  gases  at  one  tenth  the  expenditure  of  water. 
There  would  be  no  difficulty  in  arranging  for  an  extensive  and 
frequent  flushing  of  the  sewers  in  Dublin,  as  there  was  a  plentifiil 
supply  of  water  to  be  obtained  for  that  purpose  firom  the  upper 
part  of  the  river  Dodder,  without  requiring  any  of  the  water 
from  Boundwood  to  be  expended  in  that  way.  But  any  waste 
of  water  from  the  taps  in  a  house  tended  to  cause  damp  and 
iO-health,  while  it  would  produce  no  beneficial  effect  whatever 
in  the  sewers.  The  merest  thread  of  water,  barely  visible  but 
oonstaniSy  flowing  under  high  pressure,  was  sufficient  to  produce 
a  waste  of  more  water  than  the  entire  household  would  consume ; 
and  such  seemingly  small  waste  from  each  house  throughout  the 
city  would  cause  more  water  to  be  wasted  than  was  actually  made 
nse  of  out  of  the  whole  water  supply.  A  prime  requisite  therefore 
in  town  supply  was  sound  and  durable  taps. 

Mr.  J.  Murphy  enquired  whether  the  water  supply  was  intended 
to  he  constant  or  intermittent,  as  the  value  of  a  constant  supply 
was  &r  greater  than  that  of  an  intermittent  supply,  where  the 
quantity  supplied  per  day  was  comparatively  small. 

With  regard  to  the  supply  of  water  by  meter  for  manufacturing 
purposes,  it  had  been  mentioned  that  the  charge  for  the  water  in 
that  case  was  to  be  determined  by  an  agreement  between  the 
water  company  and  the  consumer ;  and  he  thought  that  difficulties 
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miglit  frequently  arise  in  coming  to  an  agreement  which  would 
be  considered  satisfactory  on  both  sides.  At  his  own  works  at 
Newport  in  Monmonthshire  the  cost  of  water  according  to  the  rate 
charged  by  meter  wonld  have  amounted  to  as  much  as  £QQ  to  £70 
a  year  for  a  supply  of  water  to  the  smith's  forge  and  engme 
of  40  horse  power  ;  but  he  had  then  bored  for  water,  and  succeeded 
in  obtaining  a  supply  by  that  means,  after  which  the  company 
had  offered  to  supply  water  to  the  works  for  £10  per  amiuiL 
The  mode  of  rating  was  also  a  matter  of  dispute  in  Newport, 
and  it  was  therefore  contemplated  by  the  corporation  of  that 
town  to  make  a  purchase  of  the  water  works,  and  establisli  a 
more  satisfactory  system  of  supplying  manufacturing  premises. 

Sir  John  Gray  remarked  that  as  the  water  supply  of  DnbHn 
was  now  entirely  in  the  hands  of  the  corporation  the  inhabitants 
who  elected  the  corporation  were  really  the  controlling  power, 
and  it  was  not  anticipated  therefore  that  there  would  be  any  difficolty 
in  coming  to  a  satis&ctory  arrangement  for  the  charge  for  water 
supplied  by  meter  for  manufacturing  purposes.  No  decision  had 
yet  been  arrived  at  upon  the  subject,  but  it  was  the  intention 
of  the  corporation  to  ascertain  the  arrangements  existing  in 
seyeral  of  the  principal  manu£stcturing  towns  in  England  and 
Scotland,  and  by  taking  an  average  of  their  charges  to  amTe 
at  a  just  price  for  the  water  supplied  to  the  manufacturerB  in 
Dublin.  Whatever  the  amount  of  the  profit  derived  from  this 
source,  it  would  go  not  to  a  private  company  but  to  the  corporation, 
and  would  thus  be  shared  in  by  all  the  inhabitants. 

In  reference  to  the  nature  of  the  new  water  supply  to  the  city, 
it  was  intended  to  be  constant,  and  would  have  the  advantage  of 
being  also  at  high  pressure.  The  water  would  be  supphed  bj 
gravitation  from  the  service  reservoir  at  Stillorgan,  about  five  miles 
distant  from  the  city,  and  with  a  head  pressure  amounting  to  250  feet 
above  the  lowest  street  level. 

The  President  proposed  a  vote  of  thanks,  which  was  passed, 
to  Mr.  Neville  for  his  account  of  the  Water  Works,  and  to  Sir 
John  Gray  for  his  kindness  in  giving  the  further  information  that 
had  been  a^ed  for  in  connection  with  the  subject. 
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The  Peesidsnt  proposed  a  vote  of  thanks,  which  was  passed,  to 
the  Local  Committee,  and  the  Honorary  Local  Secretaries,  Dr. 
Downing  and  Mr.  6.  Arthur  Waller,  for  the  excellent  arrangements 
thej  had  made  for  the  meeting  of  the  Listitntion  in  Dublin ;  and 
also  to  the  Provost  and  anthorities  of  the  University  of  Dublin 
for  their  kindness  in  granting  the  use  of  the  Examination  Hall 
for  the  purpose  of  the  meeting;  and  to  tbe  several  Railway 
Companies  for  the  special  &cilities  they  had  so  kindly  afforded  to  the 
Members  for  attending  the  Meeting  in  Dublin  and  the  Excursions 
in  connection  with  tlie  meeting. 

The  Meeting  then  terminated.  Li  the  afternoon  the  Members 
Tisited  the  varionB  engineering  establishments  and  other  works 
vhich  were  opened  to  their  inspection  during  the  days  of  the 
meeting. 

In  the  evening  the  Members  and  their  Mends  dined  together  at 
tbe  Intemational  Exhibition  Building,  in  celebration  of  the  meeting 
of  the  Listitation  in  Dublin. 


On  Thursday,  8rd  August,  an  Excursion  was  made  by  the 
Members  from  Dublin  by  special  free  train,  granted  by  the  DubHn 
and  Wicklow  Bailway  Company,  to  visit  the  works  in  progress  of 
the  Dublin  Corporation  Water  Works  at  the  Stillorgan  and 
Boondwood  Reservoirs,  proceeding  frx>m  Bray  through  the  Glen  of 
the  Downs  along  a  portion  of  the  line  of  Pipes ;  and  returning 
from  the  Roundwood  Reservoir  up  the  valley  of  the  River  Yartry, 
trayersing  the  drainage  area  of  the  water  supply,  and  passing  by 
the  Rocky  Valley  at  the  foot  of  the  Sugarloaf  Mountain.  The 
Bock  Boring  Machine  was  seen  at  work  in  the  Roundwood  Tunnel ; 
and  the  Members  were  handsomely  entertained  at  the  Roundwood 
Reservoir  by  Bir  John  Cray,  M.P.,  the  chairman  of  the  Water 
Woda  Committee  of  the  Corporation,  and  Mr.  John  Jameson,  the 
deputy 
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On  Friday,  4tli  Angnst,  an  Excursion  was  made  by  the  Members         i 

from  Dnblin  by  special  free  train,  granted  by  the  Great  Southern         i 

and  Western  Railway  Company,  to  visit  the  Derrylea  Peat  Works,         I 

near  Portarlington,  where  the  several  processes  of  harrowing  the         t 

peat  bog,  collecting  and  drying  the  peat  mull,  and  compressing  it         | 

in  iihe  peat  presses  into  the  circular  discs  were  shown  in  operation         j 

by  the  managing  director,  Mr.  Charles  Hodgson,  together  with  the         \ 

employment  of  the  compressed  peat  fuel  for  melting  iron  in  the         ^ 

foundry.     The  Members  were  hospitably  entertained  by  the  Peat 

Company  at  the  works. 

On   Saturday,  5th  August,  an   Excursion  was  made  by  the 

1\J  embers   from  Dublin    by  free    train,    granted  by  the    Dublin 

Wicklow  and  Wexford  Railway  Company,  to  visit  the  Connorree 

Copper  and   Sulphur  Mines  in  the   Yale  of  Avoca,  under  the 

guidance  of  the  chairman;  Dr.  Waller,  where  the  mining  works  and 

large  adit  were  seen,  and  the  process  was  shown  of  precipitation 

of  copper  in  water  upon  iron.     The  Members  were   hospitably 

entertained  at  the  works  by  the  directors  and  officers  of  the  Mining 

Company. 
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FBOGEEDINGS. 


2   NOTBMBBR,   1865. 


The  GEJiiEBAL  Meeting  of  the  Members  was  lield  in  the  Lecture 
Theatare  of  ihe  Midland  Institute,  Birmingliam,  on  Tlinrsday, 
2]id  November,  1865 ;  Henrt  Maudslat,  Esq.,  Vice-President,  in 
the   Cbair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  announced  that  the  President,  Vice-Presidents, 

and  five  Members  of  the  Conncil  in  rotation,  wonld  go  out  of  office 

in  the  ensuing  year,  according  to  the  mles  of  the  Institution ;   and 

that  at  the  present  meeting  the  Council  and  Officers  were  to  be 

xfeominated  for  the  election  at  the  Anniyersaiy  Meeting. 

The  fi:>]lowing  Members  were  nominated  hy  the  meeting  for  the 
electkni  at  the  Anniversary  Meeting : — 


PRESIDENT. 


JossPH  WnrrwoRTH, 


Manchester. 


VICE-PRESIDENTS. 

(Six  of  ihe  number  to  he  elected.) 


John  Anderson,  . 
Charles  F.  Beyer,  . 
Frederick  J.  Bramwell, 
William  Clat, 
Edward  A.  Cowper,    . 
Robert  Hawthorn,  . 
Sampson  Llotd,  . 
Henrt  Maudslat,    . 
John  Ramsbottom, 
C.  William  Siemens, 


Woolwich. 

Manchester. 

London. 

Liverpool. 

London. 

Newcastle-on-Tyne. 

Wednesbury. 

London. 

Crewe. 

London. 
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COUNCIL. 

(PVve  of  the  number  to 
Alexander  Allan, 
Charles  Edwards  Amos,  . 
Peter  D.  Bennett, 
John  Fernie,  .... 
Sir  Charles  Fox, 
Thomas  Hawkslet,  . 
Edward  Humphrts, 
James  Kitson,  .... 
Walter  May, 
John  B.  Bayenhill, 
John  Robinson,  . 


be  elected.) 

Perth. 

London. 

Westbromwicli. 
.     Jjeocis* 

London. 
.     London. 

London. 

jjeocis. 

Birmingham. 

London. 

Manchester. 


The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected : — 


members. 
Charles  C.  Beardshaw,  . 
John  Bell, 
John  Cartwright,   . 
Matthew  Curtis, 
Benjamin  Dayies,     . 
Henrt  Dircks,     . 
Robert  Dyson, 
John  McFarlane  Gray, 
William  Harrison,  . 
William  Smith  Longridge,  . 
John  Maylor,  .... 
William  Pratchitt,     . 
Robert  Robey,        ... 
Christer  Peter  Sandberg,  . 
Edward  Scott, 
William  Sellers, 


Sheffield. 

Manchester. 

Birmingham. 

Manchester. 

Chorley. 

London. 

Rotherham. 

Liverpool. 

Blackburn. 

Ambergate. 

Rio  de  Janeiro. 

Carlisle. 

Lincoln. 

Stockholm. 

Manchester. 

Philadelphia,  U.  S. 


i 
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John  Tickle, 

Westbromwich 

Epwarp  Tck>het,  .... 

Dablin. 

Jo£Df  Jambs  Trow,   .... 

Wednesbury. 

Albert  YiCKEBs, . 

Sheffield. 

WnjjAM  Wainwbight, 

Worcester. 

James  Edwabds  Wilson, 

London. 

CUFFOBD  IfiTCHES  WiNBT,  . 

Cardiff. 

HONORARY   MEMBERS. 

Fredebick  Bakkkb, 

Leeds. 

David  Parry, 

Leeds. 

Joseph  Whitley, 

Leeds. 

The  Chairman  announced  that  an  Honorary  Life  Membership 
in  atkd  Institntion  had  been  conferred  by  the  Council,  in  accordance 
▼ith  tte  power  given  by  the  rules,  upon  Dr.  Downing,  Professor  of 
Eogineering  in  the  University  of  Dublin,  as  a  mark  of  their  feeling 
of  the  great  obUgation  to  him  for  the  important  and  valuable  aid 
rendered  by  him  on  the  occasion  of  the  Dublin  Meeting  of  the 
Institation,  as  well  as  in  acknowledgment  of  his  contributions  to 
Engineering  Science. 


The  following  paper  was  then  read : — 
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ON    AN    IMPROVED    SAFETY   VALVE 
FOR  STEAM  ENGINE  BOILERS. 


By   Mb.   WILLIAM    NATLOR,  of   London. 


The  subject  of  this  paper  is  an  improyement  is  the  constmction 
of  the  Safety  Valves  at  present  in  nse  on  locomotive  marine  and 
stationary  engine  boilers,  for  the  purpose  of  preventing  the  pressure 
of  the  steam  whilst  blowing  off  through  the  safety  valve  from  rising 
beyond  the  limit  to  which  the  valve  is  adjusted.  This  rise  of 
pressure  during  blowing  off  is  found  to  take  place  to  a  greater  or 
less  extent  in  all  steam  boilers  with  the  ordinary  safety  valves, 
including  locomotive  marine  and  stationary  boilers ;  but  it  occnrs 
especially  with  locomotive  boilers,  where  the  safety  -valves  are 
pressed  down  by  levers  with  spring  balances  at  the  extremity,  and 
the  rising  of  the  valve  in  blowing  off  causes  a  lifting  of  the  lever 
and  a  considerable  extra  extension  of  the  spring  balance  and 
consequent  increase  of  pressure  upon  the  valve. 

From  experiments  made  by  the  writer  with  locomotive  boilers, 
he  believes  that  a  clear  available  opening  of  7-lOths  of  a  square  inch 
will  allow  the  steam  to  escape  as  fast  as  it  can  be  generated  in 
a  large  locomotive  boiler  at  a  pressure  of  120  lbs.  per  square  incli, 
when  the  engine  is  not  consuming  steam  by  running,  and  ¥rith  the 
help  of  a  steam  jet  in  the  chimney.  Taking  the  theoretical  velocity 
of  steam  at  that  pressure  issuing  into  the  atmosphere  as  1900  feet 
per  second,  the  practical  velocity  of  the  issuing  steam,  allowing  for 
its  friction  in  passing  the  safety  valve  and  the  resistance  of  the 
atmosphere  into  which  it  has  to  flow,  may  be  assumed  at  70  per  cent, 
of  this  amount  or  1330  feet  per  second.  This  velocity  with  the  above- 
named  opening  of  7-lOths  of  a  square  inch  gives  a  discharge  of 
11,172  cubic  inches  of  steam  passing  off  per  second.     Taking  the 
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relative  volmne  of  steam  to  water  at  that  pressure  as  203  times, 
ibis  is  eq[iiiTalent  to  an  evaporation  of  about  12  gallons  of  water  per 
minute  (11*94) ;  or  a  consumption  of  about  8  cwts.  (7*99)  of  coal 
per  hoar,  taking  the  evaporatiye  duty  at  8  lbs.  of  water  per  lb. 
of  coaL  This  extent  of  evaporation  and  consumption  the  writer 
beliereB  to  be  the  maximum,  that  could  be  attained  under  extreme 
dicomstances  in  locomotive  boilers. 

The  present  large  locomotiye  boilers  are  made  some  with  two 

fiafeij  Yalves  of  3^  inches  diameter,  some  with  two  valves  of  4  inches 

diameter,  some  with  two  of  5  inches  diameter,  and  some  engines  are 

working  with  four  valves  of  3  inches  diameter ;  the  valves  being 

loaded  bj  spring  balances  through  levers,  or  in  some  cases  by  a 

spring  acting  direct,  without  the  intervention  of  a  lever.   When  the 

ipring  balance  and  lever  are  used,  the  proportions  of  the  lever  are 

geoeraDj  arranged  so  that  1  lb.  pressure  of  the  balance  is  equal  to  1  lb. 

per  square  inch  on  the  valve ;  and  then  the  perpendicular  lift  of  the 

Talre  in  opening  multiplied  by  the  number  of  square  inches  in  its 

area  gives  the  distance  that  the  outer  end  of  the  lever  has  to  move 

to  allow  the  required  opening  of  the  valve ;  and  this  lift  of  the  lever 

end  multiplied  by  the  number  of  lbs.  to  the  inch  in  the  graduations 

of  the  spring  balance  gives  the  number  of  lbs.  per  square  inch 

of  additional  load  put  upon  the  valve  by  the  act  of  Hfbing,  and  the 

oorresponding  increase  of  pressure  necessitated  in  the  steam  to 

admit  of  its  escape  through  the  opening  of  the  valve,  in  addition  to 

that  required  for  overcoming  the  friction  of  the  steam  in  passing 

the  valve  and  the  resistance  to  it  in  flovnng  into  the  atmosphere. 

Taking  the  case  of  two  valves  of  5  inches  diameter,  giving  a 
combined  circumference  of  31*4  inches,  and  say  30  lbs.  to  the  inch 
as  the  graduation  of  the  spring  balances,  with  a  ratio  of  leverage 
(or  area  of  valve)  of  19*63  to  1,  a  total  area  of  discharge  of  7-lOths 
square  inch  would  require  a  lift  of  the  valves  of  -^7^  or  '0223  inch ; 
but  as  the  bearing  is^ceB  of  the  valve  and  seat  are  not  horizontal  but 
inclined  at  45^,  a  vertical  lift  of  the  valve  equivalent  to  1  square 
inch  (0*99)  annular  area  is  required  for  giving  a  discharging  area 
of  7-10th8  square  inch ;  and  the  total  lift  wiU  therefore  be  *032  inch. 
This  gives  an  extension  of  the  spriiig  balance  of  '032  X  19'63  or  '628 
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incli,  cansing  an  extra  load  upon  the  valve  of  *628  X  30  or  18'6  lbs, 
per  square  incli  in  order  to  get  the  required  opening  for  discharge  of 
the  steam.  The  result  is  therefore  that,  in  order  to  give  a  sufELdent 
area  of  opening  for  the  discharge  of  all  the  steam  that  the  boiler 
is  capable  of  generating,  the  pressure  must  rise  in  the  boiler 
about  19  lbs.  per  square  inch  above  the  intended  limit  of  ihe 
working  pressure,  or  the  point  at  which  the  safety  valves  are 
adjusted  to  begin  blowing  off;  and  this  action  of  increasing  the 
total  pressure  upon  the  valve  as  the  valve  rises  is  inseparable  from 
all  arrangements  in  which  the  valve  is  pressed  down  bj  a  spring 
acting  either  through  a  constant  lever  or  direct  upon  the  valve. 

The  improved  Safety  Valve  forming  the  subject  of  the  present 
paper  has  been  designed  by  the  writer  for  the  purpose  of  removing 
this  defect,  by  causing  the  spring  that  presses  upon  the  valve  to 
act  not  through  a  constant  lever,  but  through  one  which  varies 
in  its  effective  length,  diminishing  in  length  as  the  valve  rises  in 
the  same  proportion  that  the  tension  of  the  spring  is  increased  hj 
the  rising  of  the  valve,  so  as  to  prevent  any  increase  taking  place 
in  the  total  pressure  upon  the  valve. 

The  improved  valve  is  shown  in  Figs.  1  to  4,  Plates  63  and  64, 
Fig.  1  being  a  vertical  section,  and  Fig.  2  a  sectional  plan. 

The  safety  valve  A  is  only  2  inches  diameter  inside  the  seating, 
and  is  pressed  down  by  the  inverted  spiral  spring  B  acting  upon 
the  opposite  end  of  the  bent  lever  G,  the  effective  length  of  lever 
being  2^  inches  at  the  valve  and  If  inches  at  the  spring.  When 
the  valve  rises,  the  bearing  point  of  the  spring  at  the  end  of  the 
lever,  being  inclined  downwards  at  an  angle  of  35^  from  the  vertical 
line  D  in  Fig.  3,  is  deflected  nearer  to  this  vertical  line  by  the 
lifting  of  the  valve  end,  as  shown  by  the  dotted  position  in  Fig.  3 ; 
and  the  result  is  that  the  effective  leverage  at  which  the  spring  acts 
is  reduced  to  the  extent  required  to  compensate  for  the  increased 
tension  of  the  spring  caused  by  the  motion  of  the  lever,  so  that  the 
total  pressure  upon  the  valve  remains  unaltered.  The  centre  £  on 
which  the  lever  works  is  a  knife-edge,  so  as  to  prevent  its  action 
from  being  interfered  with  by  friction  from  the  heavy  pressure  upon 
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it,  whicli  is  nearly  double  the  pressure  of  the  spring ;  and  the 
connection  of  the  spring  to  the  lever  at  F  is  by  a  knife-edge  also, 
Figs.  3  and  4,  in  order  to  give  complete  freedom  of  action  to  the 
whole.  The  spiral  spring  is  made  of  f  inch  ronnd  steel,  and  the 
pr^snre  upon  the  valve  is  adjusted  hj  screwing  np  the  spring  by 
the  nut  G,  the  highest  pressure  being  limited  by  a  solid  collar  upon 
the  spindle.  Any  accident  from  &ilure  of  the  spring  is  provided 
against  hj  the  lower  end  of  the  lever  then  coming  in  contact  with  the 
casing  at  H,  Fig.  3,  which  prevents  any  risk  of  the  valve  becoming 
dispkced. 

This  valve  being  only  2  inches  diameter  with  a  circumference 
of  6*28  inches,  the  height  to  which  it  must  be  Hfted  in  order  to 
give  tiie  same  area  of  discharge  as  before,  7-lOths  of  a  square  inch, 
is  j^T  ^^  '^^^  inch ;  and  the  valve  end  of  the  lever  being  2|  inches 
long,  this  requires  an  angular  movement  of  the  lever  of  3^  39'.  The 
an^e  hetween  the  spring  end  of  the  lever  and  the  vertical  is 
oonseqnently  reduced  from  35^  to  31°  21' ;  and  taking  the  horizontal 
&tanee  If  inches  or  1*75  inches  as  the  sine  of  the  former  angle, 
the  sine  of  the  latter  angle  will  be  1*59  inches,  making  a  shortening 
of 'J  6  inch  in  the  lererage  at  which  the  spring  acts.  The  difference 
between  the  cosines  of  these  angles  to  the  same  radius,  or  '106  inch, 
wiD  be  the  extension  of  the  spring  produced  by  the  same  range  of 
motion;  and  the  area  of  the  valve  being  3*14  square  inches,  the 
total  pressure  of  the  spring  to  give  a  pressure  upon  the  valve 
of  120  Ifae.  per  inch  will  be  538  lbs.  with  the  original  leverage 
of  1*75  inches,  and  with  the  reduced  leverage  of  1*59  inches  the 
total  pressure  required  at  the  spring  is  then  593  lbs.  Hence  an 
increase  of  55  lbs.  in  the  total  pressure  of  the  spring  has  to  be 
produced  by  the  extension  of  *106  inch  in  length  caused  by  the 
motion  of  the  lever,  in  order  to  maintain  a  constant  pressure  upon 
the  valve ;  and  this  gives  519  lbs.  per  inch  deflection  for  the  strength 
of  spring  required  for  the  purpose. 

In  practice  the  spring  is  adjusted  so  as  to  give  a  slightly 
radnced  total  pressure  upon  the  valve  when  ftdly  open,  the  pressure 
per  square  inch  on  the  valve  being  made  about  4  per  cent,  less  when 
the  vahre  is  blowing  off  strongly  than  when  the  valve  is  shut ;  in 
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order  to  compensate  for  the  effect  of  the  friction  of  the  large 
quantity  of  steam  passing  in  that  case  throngh  the  narrow  opening 
of  the  yalye.  It  has  been  fonnd  by  care^  trials  with  this  T&lve 
that,  when  the  steam  is  blowing  off  very  strongly,  the  pressure 
within  the  boiler  exceeds  the  load  upon  the  valve  by  about  5  per 
cent. ;  and  therefore  by  proportioning  it  as  above  with  4  per  cent 
less  pressure  of  the  spring  npon  the  valve  when  open  than  when 
closed,  the  occnrrence  of  any  sensible  increase  of  pressure  witibin 
the  boiler  beyond  the  limit  at  which  the  valve  is  set  is  oompletdy 
prevented.  At  the  same  time  it  is  fonnd  that  the  valve  closes 
again  after  blowing  off  strongly,  without  allowing  any  sensible  M 
in  the  boiler  pressure  below  that  Hmit. 

This  improved  valve  therefore  effectually  provides  for  the 
prevention  of  any  increase  of  pressure  occurring  under  any 
circumstances  in  the  boiler  beyond  the  intended  limit  of  pressure ; 
and  the  one  Talve,  although  only  2  inches  diameter,  gives  the  fuU 
area  for  discharge  of  the  steam  obtained  with  the  two  large  valves 
ordinarily  used.  The  one  valve  may  consequently  be  considered  as 
fully  equivalent  in  safety  to  the  two  ordinary  valves,  although  it 
may  be  preferred  still  to  adopt  the  precaution  of  emplojring  two 
valves. 

In  the  case  of  the  two  ordinary  safety  valves  of  4  iaches 
diameter,  having  a  combined  circumference  of  25*1  inches,  and  a 
ratio  of  leverage  of  12'57  to  1,  a  total  increase  of  pressure  of  IS'Olbs. 
per  square  inch  will  be  caused  in  giving  the  required  full  area  of 
opening  of  7-lOths  square  inch  for  discharge.  And  with  two 
valves  of  3  inches  diameter,  having  a  combined  circumference 
of  18*8  inches,  and  a  ratio  of  leverage  of  7*07  to  1,  the  total  increase 
of  pressure  will  be  11*3  lbs.  per  square  inch. 

It  appears  therefore  that,  with  the  ordinary  construction  of 
safety  valves,  the  larger  size  of  valves,  instead  of  giving  increased 
freedom  to  the  discharge  of  the  steam,  are  actually  inferior  in  this 
respect  to  the  smaller  valves,  the  two  5  inch  valves  allowing  an 
increase  of  pressure  of  18*8  lbs.  per  inch  during  the  escape  of  the 
steam,  whilst  the  two  3  inch  valves  allow  only  11*3  lbs.  per  inch 
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increase  wiih  the  same  discbarge.  This  arises  tram  the  circnmstance 
that  the  pressure  required  to  hold  down  the  YalYe  increases  as  its 
area  or  as  the  square  of  its  diameter,  whilst  its  area  for  discharge 
increaees  only  as  its  circumference  or  directly  as  its  diameter.  This 
result  is  also  not  altered  in  the  cases  where,  instead  of  asing  a  loYer 
with  a  spring  balance  at  the  end,  a  large  spiral  spring  is  employed 
pressing  direct  npon  the  yalYC,  or  between  two  yalyes,  the  pressure 
of  the  spring  and  its  motion  being  then  the  same  as  those  of  the 
Talre,  instead  of  the  pressure  of  the  spring  being  diminished  and 
its  motion  increased  both  in  the  same  ratio  by  the  action  of  the 
lever. 

The  improyed  valve  possesses  an  important  advantage  over 
most  forms  of  the  ordinary  valves,  from  the  circnmstance  that  it  is 
<pute  impossible  for  the  valve  to  be  tampered  with  by  the 
eoginedriver  so  as  to  increase  the  pressure  beyond  the  intended 
limit;  and  in  the  writer's  personal  knowledge  the  frequency  of  this 
occarrenoe  with  ordinary  valves  is  much  greater  than  is  generally 
npposed. 

One  cause  of  extra  pressure  in  locomotive  boilers  occurs  when 
an  engine  is  proceeding  with  a  train,  with  the  steam  well  up  and  a 
good  fire,  and  it  is  suddenly  checked  by  a  danger  signal  being 
exhibited,  and  the  engine  has  to  be  reversed.  In  such  a  case, 
whilst  the  fire  is  generating  steam  vigorously,  the  cylinders  instead 
of  nsing  it  are  converted  into  air  pumps,  pumping  air  into  the 
hoiler  at  every  stroke.  The  steam  generated  must  all  pass  off  by 
the  safety  valves,  and  the  pressure  often  rises  considerably  above 
the  Kmit  at  which  they  are  adjusted. 

When  an  engine  is  taking  a  heavy  load  up  an  incline  slowly,  the 
steam  blowing  off  strongly,  as  much  as  ^  lbs.  excess  of  pressure 
^  occorred  within  the  writer's  experience,  without  the  safety 
TiJres  being  interfered  with.  The  writer  has  also  known  the  case 
occnr  of  a  large  goods  engine  coming  to  a  stand  on  an  incline  from 
^^uit  of  power,  although  the  steam  was  blowing  off  very  strongly ; 
ttd  the  driver  being  afraid  to  go  back  from  fear  of  a  collision,  has 
secored  the  valves  against  blowing  off,  by  pegging  down  the  levers 

h2 
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in  the  slots  through  which  they  passed  in  the  weatherboard.  The 
regular  working  pressure  was  120  lbs.,  but  the  steam  got  np  to 
180  lbs.  per  inch  by  the  pressure  gauge,  and  the  engine  was  then 
able  to  take  the  train  to  the  top  of  the  inctine. 

Another  source  of  risk  of  extra  pressure  is  when  an  engine 
is  having  the  steam  got  up  in  the  engine  shed,  and  to  hasten  it  the 
gteam  jet  has  been  put  on  and  left  on  while  the  fire-lighter  is  gone 
to  look  afber  other  engines.  From  a  number  of  ezperiments  the 
author  has  ascertained  that,  if  the  jet  be  left  fal\  on  for  six  minutes 
after  the  steam  begins  to  blow  off,  there  will  be  an  excess  of  pressure 
in  the  boiler  of  at  least  30  lbs.  per  square  inch  over  what  the  safety 
Tolves  on  the  ordinary  construction  are  loaded  at. 

In  the  case  of  marine  boilers  it  is  required  by  the  goyemment 
regulations  that  there  shall  be  at  least  one  safety  valve  upou  each 
boiler  loaded  direct  by  weights,  and  that  the  area  of  this  yalve 
shall  be  one  circular  inch  for  every  horse  power  nominal ;  so  that 
a  boiler  supplying  steam  equal  to  100  horse  power  requires  a  safety 
valve  10  inches  diameter.  But  although  these  valves  are  loaded 
by  direct  weights,  the  pressure  in  the  boiler  will  necessarily  exceed 
the  load  on  the  valve  when  the  steam  is  blowing  off  in  great  force, 
which  is  Uable  to  occur  occasionally  when  the  engines  are  stopped, 
from  neglect  in  •not  easing  the  pressure  at  that  time.  There  is 
however  a  serious  defect  in  this  mode  of  loading  safety  valves  on 
marine  boilers,  from  the  circumstance  that  when  the  vessel  rolls 
the  pressure  of  the  weight  is  diminished ;  and  if  it  rolls  to  the 
extent  of  45*  there  will  not  be  more  than  70  per  cent,  of  the  fUl 
load  upon  the  valves  at  that  moment,  and  consequently  there  wiH 
be  a  loss  of  power  when  the  greatest  power  may  be  required. 
Moreover  the  water  in  the  boiler  is  subjected  to  violent  commotion 
by  the  repeated  starts  of  ebullition  from  the  pressure  being  suddenly 
reduced  by  the  lifting  of  the  safety  valve ;  and  this  commotion  is 
not  at  all  times  stopped  by  the  closing  of  the  valve,  but  produces 
priming  in  the  cylinders.  With  the  improved  valve  however  the 
full  pressure  would  be  preserved  steadily  in  the  boilers,  with  any 
extent  of  rolling  of  the  vessel. 
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On  the  boiler  of  a  statioiiary  engine  a  comparative  trial  has  been 
laade  of  one  of  these  valTee  of  only  1<^  inch  diameter,  and  two 
otlier  ordinaij  valves  of  3f  inches  diameter,  loaded  one  with  dead 
weights  and  the  other  with  a  lever  and  spring  balance,  all  the 
valves  being  adjusted  so  as  to  begin  blowing  off  at  the  same 
pressure.  The  engine  was  stopped  and  the  firing  of  the  boiler 
oontmned,  and  the  steam  generated  had  all  to  escape  through  the 
n&tj  valves.  The  valve  loaded  by  a  lever  and  spring  balance  did 
iiot  appear  to  increase  in  the  amount  of  steam  passing  by  it,  and 
the  tbIvb  loaded  by  dead  weights  increased  in  extent  slightly ;  but 
the  improved  valve  increased  to  a  perfect  roar,  thereby  telling  its 
own  tale  as  to  which  valve  was  carrying  away  the  steam.  When  the 
dimper  was  dosed  and  the  firedoor  opened,  all  the  valves  ceased 
Uowing  off  at  the  same  time. 

The  number  of  boiler  explosions  that  have  occurred  fix)m  over 
prauore  show  the  necessity  of  some  effective  means  being  adopted 
to  prevent  that  occurrence ;  and  if  a  boiler  be  at  all  defective  in 
ooQstmction  or  have  become  so  afber  long  use  it  is  the  more 
Jifioessaiy  that  it  should  be  provided  with  safety  valves  which  will 
Rnler  it  safe  against  any  excess  of  pressure  occurring  beyond  the 
^numnt  required  for  working  the  engine.  All  surplus  pressure  put 
Dpon  a  boiler  through  the  defect  of  the  safety  valves  not  being  able 
to  carry  away  the  steam  as  fast  as  generated  is  tending  to  positive 
distraction  without  any  advantage ;  and  if  the  boiler  has  a  sufficient 
ziuigin  of  strength  to  resist  such  surplus  pressure  as  it  is  subjected 
to  with  the  ordinary  arrangement  of  safety  valve,  the  use  of  a 
valve  that  will  maintain  a  uniform  pressure  would  have  the 
advantage  of  allowing  an  increased  pressure  to  be  regularly  used 
m  the  engines. 


Ur.  Katlob  exhibited  specimens  of  the  safety  valve,  and  explained 
thai  in  the  case  of  valves  constructed  for  marine  boilers  an  india- 
rubber  diaphragm  was  fixed  across  the  bottom  of  the  chamber 
containing  the  spring,  as  at  1 1  in  the  5  inch  marine  safety  valve 
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shown  in  Figs.  5  and  6,  Plate  65,  so  as  to  protect  the  spring  from  the 
corrosiYO  action  of  any  salt  water  thrown  ont  from  the  boiler  with 
the  steam  in  blowing  off,  in  consequence  of  the  rolling  of  the  yesseL 
This  proyision  was  not  necessary  in  the  yalyes  for  looomotiYe  or 
stationary  boilers,  because  in  these  cases  the  steam  bloYving  off  fr(»n 
the  yalye  passed  direct  np  the  funnel  placed  over  the  yalve,  and  any 
'  water  carried  off  along  with  the  steam  by  priming  was  blown  out 
through  the  funnel  in  the  same  way,  so  that  neither  steam  nor 
water  was  found  to  get  to  the  spring. 

The  Chaibman  enquired  how  many  of  the  new  yalyes  were  now 
in  use,  and  where  they  were  at  work. 

Mr.  Natlob  replied  that  there  were  now  about  forty  of  tlie 
yalyes  in  use,  most  of  which  were  on  locomotiye  boilers,  principallj 
upon  the  Ghreat  Northern  Bailway.  In  the  first  adoption  of  the 
new  yalye  upon  that  line,  the  size  of  the  yalye  seemed  so  extremelj 
small,  in  comparison  with  the  safety  yalyes  preyiously  empbjed, 
that  a  special  trial  was  made  to  test  the  sufficiency  of  the  neir 
yalye.  One  of  the  new  yalyes  of  2  inches  diameter  Yras  fixed  on  a 
locomotiye  boiler,  and  the  two  ordinary  yalyes  of  4  inches  diameter 
preyiously  used  were  remoyed  :  the  engine  had  a  large  firebox,  and 
in  order  to  increase  the  generation  of  steam  an  additional  length  of 
funnel  was  attached  aboye  the  chimney,  and  a  steam  jet  was  added 
in  the  smokebox.  By  this  means  a  yery  rapid  ^neration  of  steam 
was  obtained,  producing  a  great  blow-off  at  the  yalye ;  but  it  was 
found  that  eyen  under  these  extreme  circumstances  the  pressure  in 
the  boiler  could  not  be  raised  to  as  much  as  10  lbs.  aboye  the  limit 
at  which  the  yalye  was  set  to  blow  off.  In  a  trial  made  with  one 
of  the  new  yalyes  of  1|  inch  diameter,  the  result  had  not  been 
satis&ctory,  because  the  yalye  had  not  been  made  with  lift  enough 
in  that  particular  case ;  but  from  experiments  subsequently  made 
he  was  satisfied  that  a  yalye  of  only  that  size  was  amply  sufficient 
in  practice  for  a  locomotiye  boiler,  when  arranged  so  as  to  allow  the 
full  lift  required  to  giye  the  necessary  area  of  opening  for  blowing 
off;  and  the  principle  of  the  bent  leyer  afforded  the  means  of 
obtaining  any  amount  of  lift,  without  increasing  the  pressure  upon 
the  yalye  by  the  extension  of  the  spring. 
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Mr.  F.  J.  Bramwell  thought  the  new  safety  valye  was  a  very 
ingeniooB  practical  contrivance  for  getting  over  the  defects  of  the 
ordinary  constmction  of  safety  valves,  and  allowing  the  steam  to 
blow  off  in  any  qoantity  with  complete  freedom  at  the  intended 
limit  of  pressnre.  The  defects  in  the  principle  of  ordinary  safety 
Tshres  acted  on  hy  spring  balances  arose  from  two  causes,  the  first 
bemg  the  extra  pressnre  put  upon  the  valve  in  blowing  off,  owing  to 
the  extension  of  the  spring  and  the  additional  force  consequently 
exerted  by  it ;  and  although  theoretically  this  extra  pressure  might 
be  reduced  to  any  extent  by  using  a  spring  of  greater  length  and 
oonaeqnently  greater  elasticity  so  as  to  give  less  increase  of  pressure 
wiib  the  same  extent  of  stretching,  yet  in  practice  very  little 
improvement  could  be  effected  in  this  way,  as  the  total  length  of 
spring  that  could  be  employed  was  limited  by  practical  considerations 
of  coDTenience ;  and  in  the  case  of  locomotive  boilers  it  was  not 
pncticable  to  employ  springs  having  much  more  elasticity  than 
those  at  present  generally  used,  which  gave  a  force  of  not  less  than 
20  lbs.  per  inch  of  extension.  The  second  defect  attendant  upon 
ordinary  safety  valves  arose  from  the  circumstance  that,  at  the 
time  of  blowing  off,  the  pressure  of  the  steam  in  the  immediate 
neighbonrhood  of  the  aperture  of  the  valve  was  reduced  by  the 
T^ndiiy  of  the  motion  of  the  escaping  steam ;  and  consequently,  in 
order  that  the  valve  might  be  held  open  for  blowing  off  at  the 
intended  limit  of  pressure,  it  was  necessary  that  the  steam  pressure 
within  the  rest  of  the  boiler  should  have  risen  considerably  above 
that  limit,  in  order  to  keep  the  reduced  pressure  at  the  aperture  of 
the  valve  up  to  that  limit.  Both  of  these  defects  in  ordinary  safety 
^ves  were  completely  met  by  the  principle  of  construction  of  the  new 
valve,  in  which  the  adoption  of  the  bent  lever  not  only  allowed  of  the 
vaWe  being  lifted  to  the  full  extent  without  any  increase  of  pressure 
l^ciBgpat  upon  it  by  the  extension  of  the  spring,  but  also  afforded  the 
iQttns  of  actually  diminishing  the  load  upon  the  valve  in  lifting,  to 
^nj  extent  that  might  be  found  necessary  to  compensate  for  the 
^^uninished  pressure  of  steam  at  the  aperture  in  blowing  off.  The 
principle  of  the  bent  lever  thus  caused  the  safety  valve  to  blow  off 
with  certainty  at  the  intended  limit  of  pressure,  vfithout  aUjwing  the 
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steam  in  the  boiler  under  any  circnmstanees  to  rise  beyond  that  limit 
by  more  than  the  small  fixed  percentage  determined  by  the  original 
adjustment  in  the  proportions  of  the  lever  and  strength  of  the  spring. 
Mr.  Naylos  remarked  that  the  rise  of  pressure  in  blowing  off 
with  ordinary  safety  valves  was  also  partly  due  to  the  resistance 
offered  by  the  atmosphere  to  the  escape  of  the  issuing  steam  ;   and 
he  thought  the  amount  of  this  resistance  was  considerably  greater 
than  it  was  generally  believed  to  be.    For  it  was  evident  that  in  the 
case  of  a  safety  valve  loaded  by  a  dead  weight  instead  of  by  a 
spring,  if  there  were  no  resistance  offered  by  the  atmosphere  to  the 
escape  of  the  steam,  the  steam  would  blow  off  with  perfect  freedom 
and  the  pressure  would  never  rise  above  the  intended  limit,  since 
the  valve  would  liflb  to  any  required  extent  without  the  load  upon  it 
being  thereby  increased.   But  in  practice  it  was  found  that  this  was 
not  the  case ;  for  with  an  ordinary  safety  valve  of  5  inches  diameter 
loaded  by  a  dead  weight  upon  a  boiler  25  feet  long  he  had  found 
that  there  was  as  much  as  8  to  10  per  cent,  increase  of  pressure 
beyond  the  limit  at  which  the  valve  was  set  to  blow  off ;  and  he 
believed  this  was  due  to  the  resistance  met  with  by  the  steam 
in  issuing  into  the  atmosphere. 

Mr.  F.  J.  Bramwell  did  not  think  the  resistance  offered  by  the 
atmosphere  to  the  issuing  steam  was  by  any  means  so  great  as  to 
account  for  an  increase  of  pressure  of  8  to  10  per  cent,  beyond  the 
intended  limit;  but  he  considered  this  increase  of  pressure  in 
blowing  off  was  almost  entirely  due  to  the  circumstance  which  he 
had  previously  mentioned,  the  velocity  of  the  escaping  steam  causing 
the  pressure  to  be  so  much  reduced  in  the  immediate  neighbourhood 
of  the  valve,  that  in  order  to  maintain  the  pressure  at  the  valve  up 
to  the  intended  limit  it  was  necessary  for  the  pressure  in  the  rest  of 
the  boiler  to  rise  considerably  above  that  limit.  In  accordance  with 
this  view  of  the  question  a  construction  of  safety  valve  had  been 
employed  upon  some  boilers,  having  a  slide  valve  worked  by  a 
piston;  and  the  piston  being  acted  upon  by  the  steam  pressure 
inside  the  boiler,  at  some  distance  from  the  aperture  of  the  slide 
obtfirJ^Q^  opened  the  slide  at  the  intended  limit  of  pressure  and  kept  it 
the  valve  c^J-out  requiring  the  pressure  to  exceed  the  limit. 
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The  Chairman  enquired  what  was  the  cost  of  the  new  safety 
valves,  in  comparison  with  ordinary  safety  valves  having  levers  and 
spring  balances. 

Mr.  Naylob  replied  that  the  difference  of  cost  of  the  new  safety 
valves  as  compared  with  the  ordinary  valves  was  very  little.  The 
two  new  valves  exhibited  were  each  2|  inches  diameter  and  were 
intended  for  locomotive  boilers:  the  one  with  brass  j^nnel  and 
brass  chamber  for  containing  the  spring  cost  £10  lOa.,  and  the  other 
made  of  iron  with  gonmetal  valve  and  TsJve-seat  cost  £9.  The  new 
valves  were  mnch  lighter  than  the  ordinary  valves  of  larger  size, 
used  for  the  same  situations,  with  their  levers  and  spring  balances. 

Mr.  P.  J.  Cannell  thought  the  new  safety  valve  was  of  very  great 
advantage  for  boilers  in  ironworks  heated  by  the  puddling  furnaces, 
where  it  constantly  occurred  that  the  steam  was  suddenly  shut  off 
from  the  engine  while  the  tonaces  required  to  be  kept  in  full  work; 
and  in  such  cases  it  was  of  the  utmost  importance  to  have  the 
means  of  blowing  off  through  the  safety  valve  the  whole  of  the 
steam  that  the  boiler  could  generate.  At  the  Old  Park  Iron  Works, 
Wednesbury,  they  had  had  one  of  the  new  safety  valves  of  2  inches 
diameter  at  work  for  six  months  on  one  of  the  locomotives  working 
at  85  lbs.  pressure,  and  it  had  given  complete  satis&ction;  the 
engine  had  often  stood  still  for  f  hour  with  a  full  fire,  and  the 
steam  had  been  so  effectually  carried  off  by  the  safety  valve  that 
the  pressure  in  the  boiler  had  not  risen  1  lb.  above  the  limit  of 
85  lbs.  at  which  the  valve  was  fixed  to  blow  off;  whereas  in 
other  boilers  having  ordinary  safety  valves  with  levers  and  spring 
balances  the  pressure  rose  15  or  16  lbs.  above  that  limit  under 
irimilaT  circumstances.  He  had  paid  great  attention  to  the  working 
of  the  new  valve,  and  was  satisfied  that  it  effectually  prevented  any 
rise  of  pressure  in  the  boiler  above  the  fixed  limit. 

Mr.  W.  POBD  Smith  remarked  that,  on  one  occasion  of  taking  to 
pieces  for  repairs  an  ordinary  locomotive  safety  valve  with  lever  and 
spring  balance,  he  had  found  that  the  centre  pin  of  the  lever,  having 
been  carefully  fitted  in  the  first  instance,  had  become  rusted  so 
tightly  in  the  eye  that  it  required  an  additional  force  of  probably 
60  to  80  lbs.  at  the  end  of  the  lever  to  lift  it ;  and  he  was  therefore* 
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glad  to  see  tHat  pins  were  done  away  with  in  the  new  safety  Tsdve, 
a  simple  knife-edge  bearing  alone  being  employed  as  the  folcmm 
for  the  bent  lever.  He  enquired  whether  the  valve  was  guided  in 
lifting  by  a  centre  spindle  inside  the  boiler,  because  he  had  found 
that  mode  of  guiding  was  also  liable  to  the  objection  of  the  spindle 
becoming  corroded  in  the  guide,  and  he  had  seen  safety  valve 
spindles  so  encrusted  in  the  guides  that  it  was  impossible  for  the 
valve  to  lifb  at  all. 

Mr.  Natlor  explained  that  in  the  new  safety  valve  the  valve 
itself  was  guided  by  three  wings  oast  upon  it,  and  not  by  a  spindle ; 
it  was  then  not  liable  to  become  stuck  by  corrosion,  and  the  only 
objection  experienced  in  guiding  by  wings  was  when  the  valve 
seating  was  composed  of  a  brass  bush  let  into  an  iron  seat,  in 
which  case  the  brass  bush  being  unable  to  expand  freely  outwards 
became  tightened  upon  the  valve  and  caused  the  wings  to  bind  in 
the  seating,  so  that  the  valve  could  not  lift.  In  the  new  valves 
however  the  seating  was  always  made  entirely  of  brass,  so  that 
there  was  no  tendency  to  nip  the  wings  of  the  valve  in  expanding. 

In  reference  to  the  knife-edge  bearing  of  the  bent  lever,  the  use 
of  the  knife-edge  was  very  advantageous  in  reducing  the  extent  of 
the  bearing  surface  and  thereby  getting  rid  of  the  friction  inevitably 
attending  a  round  pin.  The  square  centre  pin  forming  the 
knife-edge  bearing  was  fixed  in  the  valve  casing,  so  that  it  could 
not  turn  in  its  place ;  and  the  width  of  the  bent  lever  was  sufficient 
to  ensure  the  knife-edge  bearing  holding  it  steady  from  any  lateral 
twist  in  working. 

A  point  of  great  practical  importance  in  the  new  safety  valve 
was  the  impossibility  of  tampering  with  the  valve,  as  there  was  no 
external  projecting  lever  which  could  be  pegged  down  in  its  slot 
holes  or  loaded  with  additional  weight ;  but  the  valve  was  entirely 
boxed  up,  and  could  not  be  got  at  by  the  enginedriver  in  any  way. 

Mr.  J.  ToMLlKSON  observed  that  it  could  only  be  owing  to  bad 
management  if  the  levers  of  ordinary  safety  valves  became  rusted 
in  their  bearings,  and  he  had  found  it  necessary  to  have  all 
locomotive  safety  valves  taken  to  pieces  regularly  once  every  three 
months  for  examination  and  cleaning ;  and  if  the  same  plan  were 
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oarried  oat  in  otiier  cases  there  woald  be  no  danger  of  the  valve 
beeonung  corroded  fisist.  In  the  new  safety  valve  he  thought  there 
appeared  a  possibility  of  dirt  getting  into  the  closed  part  of  the 
valve  casing  in  which  the  bent  lever  worked,  and  so  cansing  it 
to  stick  fast;  and  he  enquired  whether  any  difficulty  had  been 
experienced  with  the  new  valve  in  this  respect.  He  asked  also 
whether  the  &ct  of  slightly  relieving  the  load  upon  the  valve  in 
blowing  off  did  not  cause  the  steam  pressure  in  the  boiler  to  faU 
below  the  intended  limit  before  the  valve  could  be  dosed  again  by 
the  spnng.  In  the  case  of  a  locomotive  boiler  working  with  120  lbs. 
steam,  he  should  expect  that  the  pressure  would  have  to  fall 
6  or  7  lbs.  below  the  limit  before  the  valve  would  close  again  after 
blowing  off. 

Mr.  Natlob  replied  that  the  pressure  of  steam  in  the  boiler  did 
not  fall  below  the  limit  in  blowing  off,  because  as  the  violence  of  the 
blowing  off  subsided  the  valve  gradually  closed;  and  the  spring 
and  bent  lever  were  so  adjusted  that  the  valve  shut  again  exactly 
at  the  fixed  limit  of  pressure.  It  was  of  course  possible  by  altering 
the  adjustment  of  the  bent  lever  to  relieve  the  load  off  the  valve  to 
such  an  extent  when  lifted,  fchat  it  should  not  close  again  until 
the  pressure  had  &Uen  to  a  given  percentage  below  the  limit ;  but 
in  practice  this  had  not  been  found  desirable. 

In  regard  to  the  lever  becoming  obstructed  by  dirt  getting  into 
the  valve,  this  had  not  been  found  to  occur  with  any  of  the  valves 
yet  in  use ;  and  he  thought  any  dirt  getting  in  at  the  ftinnel  of  the 
valve  would  be  blown  out  again  by  the  steam  in  blowing  off.  There 
was  no  reason  to  apprehend  that  the  knife-edge  bearing  could 
become  stuck  &st  by  dirt,  as  it  could  not  be  made  a  tight  fit  like  a 
centre  pin;  and  the  extent  of  bearing  sur&ce  was  so  sniall  that 
there  was  no  room  for  particles  of  dust  or  dirt  to  collect  in  sufficient 
quantity  to  obstruct  the  free  action  of  the  valve. 

Mr.  F.  W.  Webb  remarked  that  the  only  way  in  which  there 
appeared  any  possibility  of  tampering  with  the  new  valve  was  by 
driving  a  ping  in  at  the  top  of  the  funnel  over  the  valve,  to  interfere 
with  its  opening ;  or  by  dropping  in  a  heavy  weight  upon  the  valve 
to  increase  the  load  upon  it;  and  so  much  ingenuity  had  been 

1.2 


234  SAPBTT   VALVB. 

displayed  bj  enginedriyers  in  tampering  with  preyions  safety 
Talves,  that  it  was  very  desirable  to  provide  against  any  sncli 
attempts  with  the  new  valve. 

Mr.  Natlor  said  it  was  proposed  to  fix  a  cover  of  strong  wire 
gauze  at  the  top  of  the  funnel  over  the  valve,  to  prevent  the 
possibility  of  tampering  with  it  in  any  such  manner  as  had  been 
suggested. 

The  Ghaibmak  proposed  a  vote  of  thanks  to  Mr.  Naylor  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  read : — 
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ON  AN  IMPROVED  METHOD  OP 

TAKING    OFF    THE    WASTE    GAS 

FROM  OPEN-TOPPED  BLAST  FURNACES. 


Bt  Mb.  QBORGB  ADDSNBBOOKE,  or  Darlaston. 


The  nidliflation  of  the  Waste  Gks  from  Blast  Furnaces  has  now 
l)ecome  not  only  an  accomplished  fact  but  a  great  commercial 
success,  and  consequently  an  important  part  of  ftimace  management. 
This  gas,  or  rather  mixture  of  gases,  issues  in  large  quantities  from 
all  the  interstices  between  the  last  charge  of  materials  in  the  frimace 
throat ;  and  it  passes  off  with  such  rapidity  as  to  prevent  a  sufficient 
mixture  of  air  taking  place  to  render  it  inflammable  until  it  has 
risen  to  some  little  height  above  the  top  of  the  materials  in  the 
furnace  mouth.  As  soon  however  as  this  mixture  of  air  takes  place, 
a  very  considerable  portion  of  the  gas  is  consumed,  in  the  case  of 
the  ordinary  open-topped  furnaces  that  do  not  utilise  the  waste  gas. 
This  combustion  develops  a  great  amount  of  heat ;  and  the  question 
therefore  arises,  how  can  the  waste  gas  be  made  further  useful, 
without  in  any  way  injuring  the  yield,  the  working  of  the  furnace, 
or  the  quality  of  the  iron  made  ;  for  if  any  injury  were  occasioned 
in  either  of  the  above  respects  by  taking  off  the  waste  gas,  the 
utilisation  of  the  gas  ought  certainly  not  to  be  attempted.  It  is 
evident  that  there  must  always  be  an  escape  of  surplus  gas  from 
the  top  of  the  materials  in  the  furnace  throat,  from  the  consideration 
that  the  heat  in  the  lower  part  of  the  frimace  distils  off  the  gas 
from  the  fuel  in  the  upper  part ;  and  this  gas,  not  meeting  with  a 
supply  of  oxygen  inside  the  furnace,  passes  up  unconsumed  to  the 
furnace  mouth,  where  upon  mixing  with  the  external  air  it  bums 
away  to  waste,  unless  taken  off  previously  in  order  to  be  usefully 
burnt  elsewhere. 
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The  utilisation  of  the  wajste  gas  has  been  eztensiyely  carried  out 
in  two  different  modes,  each  capable  of  being  applied  and  worked 
in  several  different  ways.  The  one  mode  is  known  as  the  Close-Top 
system,  and  the  other  as  the  Open-Top  system.  Till  the  last  few 
years  however  the  writer  believes  that  in  no  case  was  the  waste 
gas  successfully  utilised  in  Staffordshire,  though  this  had  been 
effected  a  good  laany  years  previously  in  some  other  districts.  The 
chief  reasons  for  this  continued  waste  of  the  gas  in  Staffordshire 
may  be  found  in  the  cheapness  of  engine  ftiel,  causing  the  mistaken 
idea  to  be  entertained  that  it  was  cheaper  to  bum  the  slack  under 
the  boilers  than  to  go  to  the  expense  of  saving  an  article  which 
would  not  be  saleable ;  and  also  in  the  great  dislike  that  all  connected 
with  the  working  of  furnaces  have  to  any  considerable  change  in 
system. 

The  writer's  attention  was  particularly  called  to  the  subject  of 
utilising  the  waste  gas  from  blast  furnaces  about  five  years  ago, 
when  he  was  engaged  with  others  in  examining  the  subject,  and 
visited  for  the  purpose  many  works  where  the  utilisation  was  carried 
on  at  one  or  more  of  the  furnaces.  The  decided  opinion  then  arrived 
at  was  that  the  waste  gas  ought  certainly  to  be  utilised,  and  for  the 
following  reasons : — namely,  that  a  furnace  would  work  to  better 
yield  where  the  gas  was  utilised,  and  with  greater  regularity  as 
to  the  quality  of  iron  made ;  and  that  there  would  be  a  very 
considerable  saving  in  repairs  to  hot-blast  stoves  and  boilers  by 
heating  these  with  the  waste  gas,  together  with  greater  regulaiify 
in  the  heat  and  pressure  of  the  blast,  because  of  a  more  even 
temperature  being  maintained  under  the  boilers  and  in  the  stoves ; 
while  there  would  also  be  a  considerable  saving  in  wages,  and  the 
men  woxdd  be  made  more  regular  in  charging  the  ftumace. 

The  principle  upon  which  the  waste  gas  is  taken  off  in  the  case 
of  the  close-topped  furnaces  is  that,  by  keeping  the  frunace  top 
closed,  the  gas  must  necessarily  pass  away  through  any  openings 
which  are  made  for  its  escape,  and  may  thus  be  made  to  travel  even 
to  a  distance  of  more  than  a  quarter  of  a  mile  from  the  furnace,  as 
is  done  at  the  Dowlais  Iron  Works.  In  the  open-topped  frimaces 
the  idea  is  that,  after  the  gas  has  done  very  nearly  all  its  work  in  the 
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fjomaee,  on  arriTiiig  within  abont  5  feet  of  the  top  of  the  materials 
in  the  fdmaoe  month  the  greater  part  can  be  drawn  off  from  the 
fomace  by  applying  a  mild  snction,  and  employed  to  advantage  for 
heating  pnrposes  elsewhere ;  at  the  same  time,  as  no  considerable 
amoiint  of  force  is  nsed  for  drawing  off  the  gas,  either  by  the  snction 
of  a  chimney  or  otherwise,  all  sorplns  gas  generated  in  the  fdmace 
beyond  the  amount  drawn  off  escapes  at  the  open  top  of  the  fbmaoe, 
by  passing  np  throngh  an  ayerage  of  3^  feet  depth  of  charged 
matorials  above  the  point  of  taking  off  the  gas. 

The  open-topped  plans  of  taking  off  the  waste  gas  may  here  be 
divided  into  two  classes : — ^those  taking  off  the  gas  at  a  less  depth 
than  5  feet  below  the  top  of  the  materials  in  the  fnmace  throat ; 
and  those  taking  it  off  below  that  level.  In  the  former  the  gas  is 
taken  off  with  dne  regard  to  the  effect  on  the  yield  and  working  of 
the  fnmace ;  while  in  the  latter  the  utilisation  of  the  gas  is  made 
the  chief  object. 

In  order  to  cairy  ont  the  utilisation  of  the  gas  without  risk  of 
interfering  with  the  saccessfiil  working  of  the  ^oinaoey  it  is  of  very 
gresJb  consequence  not  to  take  off  the  whole  of  the  gas,  but  to  leave 
a  certain  portion  always  to  escape  at  the  furnace  mouth,  so  that  it 
may  continue  the  process  of  preparing  the  newly  charged  materials, 
and  begin  to  dry  and  warm  them  immediately  upon  their  being 
charged,  and  also  prevent  any  downward  current  of  air  taking 
place  firom  the  famace  top.  Such  a  downward  current  of  air  must 
necessarily  take  place  frequently,  where  the  whole  of  the  gas  is 
drawn  off;  as  the  chimney  power  requisite  for  this  purpose  woxdd 
be  qnite  sufficient  to  draw  down  the  air  through  the  average 
depth  of  8|  feet  of  materials  in  the  fiimace  throat  above  the  gas 
openings,  at'any  time  when  there  was  not  an  ample  supply  of  gas  to 
be  drawn  off.  The  result  would  then  be  that  where  the  ascending 
gas  and  the  descending  air  met  in  the  tonace  a  bright  flame  would 
be  produced,  which  taking  place  amongst  the  fuel  must  occasion  a 
very  serious  loss,  by  causing  combustion  of  the  fuel  before  it  reaches 
the  part  of  the  furnace  where  its  combustion  is  useful;  and  it 
appears  doubtful  whether  foel  thus  once  lighted  would  not  continue 
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smouldering  the  wbole  of  the  way  down  in  the  fiimace.  On  the 
other  hand  if  the  i^el  is  properly  covered  in  the  upper  part  of  the 
ftimace  hy  a  sufficient  depth  of  materials,  so  as  to  be  protected  from 
the  air,  the  writer  doubts  whether  it  will  begin  to  bum  till  it 
reaches  the  zone  of  fusion,  where  it  then  changes  from  a  mere 
highly  heated  state  to  one  of  active  combustion  caused  by  the 
presence  of  air  supplied  from  the  tuyeres.  The  writer  believes  that 
in  the  &ict  of  covering  up  the  i^el,  without  ignition  being  allowed 
to  take  place,  lies  one  of  the  chief  sources  of  saving  in  the  yield  of 
the  friel ;  and  he  considers  that  it  is  this  alone  in  the  close-topped 
ftimace,  which  to  a  very  great  extent  makes  up  for  the  loss  of  yield 
of  foel  that  must  inevitably  result  from  the  use  of  the  dose-topped 
system  with  its  consequent  back  pressure.  This  saving  however  is 
more  than  counterbalanced  by  the  fact  that  neither  drying  nor 
warming  nor  any  other  preparation  of  the  materials  can  be  carried 
on  in  the  close-topped  furnace  except  by  the  heat  of  the  gas  coming 
up  from  below. 

Were  it  not  for  the  back  pressure  produced  in  the  frimace  by  a 
closed  top,  this  system  would  doubtless  work  to  a  much  better  yield 
than  the  open  top ;  but  the  entire  prevention  by  the  closed  top  of 
any  drying  or  warming  of  the  materials  taking  place  until  they  have 
descended  some  distance  within  the  frimace  is  a  serious  objection  in 
the  writer's  opinion  to  the  dose-topped  plan ;  whilst  on  the  other 
hand  in  a  well  worked  open-topped  furnace  the  preparation  of  the 
materials  begins  at  once  upon  their  being  charged.  Moreover  there 
is  no  way  of  so  regulating  the  "  driving  "  of  a  furnace  or  rate  of 
descent  of  the  materials  in  the  interior  as  that  in  every  hour  the 
frimace  shall  take  the  same  quantity  of  blast;  but  whenever  the  steam 
pressure  happens  to  rise  above  the  average,  causing  the  engine  to 
force  more  blast  into  the  frimace,  or  whenever  the  materials  happen 
to  lie  more  open  in  the  furnace  or  to  be  drier,  an  increased  driving 
of  the  furnace  will  be  occasioned,  which  will  give  an  increased 
production  of  gas  to  pass  off  from  the  furnace.  As  this  larger 
quantity  of  gas  has  in  the  close-topped  frimace  to  pass  off  through 
the  same  openings  which  previously  carried  off  a  smaller  quantity, 
the  result  must  be  an  increase  of  the  back  pressure  in  the  furnace ; 
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whereas  wiili  an  open  top  the  surplus  gas  readily  escapes  at  the 
mouth  of  the  furnace,  without  producing  any  hack  pressure  inside 
the  furnace.  Another  ohjection  to  the  closed  top  is  that  the 
pressure  coming  from  the  lower  part  of  the  furnace  will  carry  off 
with  it  from  the  furnace  more  dust  than  would  be  drawn  off  by 
suction. 

The  desideratum  in  the  utilisation  of  the  blast  furnace  waste  gas 
appears  therefore  to  the  writer  to  be  an  open  top  where  the  ftiel  can 
he  buried  or  covered,  without  its  being  ignited  to  any  material 
extent  either  by  the  escaping  gas,  or  worse  still  by  the  gas  being 
drawn  off  so  completely  from  the  furnace  throat  that  air  is  drawn 
down  also  through  the  materials,  causing  a  hidden  fire  to  be  raging 
beneath  the  sur&ce  of  the  materials  while  everything  seems  to  be 
going  on  well.  The  writer  has  indeed  frequently  seen  the  gas 
drawn  off  so  completely  that  a  man  could  walk  inside  the  mouth  of 
a  large  Aimace  while  the  blast  was  on;  but  experience  shows  that 
such  a  state  of  the  frimace  top  is  altogether  wrong,  and  if  ever  it 
occurs  the  main  gas  valve  ought  at  once  to  be  closed  sufficiently  to 
ensure  some  gas  passing  off  at  the  furnace  top,  in  order  to  begin 
the  preparation  of  the  materials  and  prevent  any  downward  current 
of  air. 

The  level  at  which  the  gas  is  taken  off  from  the  furnace  is 
in  the  writer's  opinion  a  most  important  point,  as  in  effect;  the 
working  height  of  the  frimace  nearly  terminates  at  the  level  where 
the  gas  is  taken  off.  The  most  satis&ctory  working  that  the  writer 
has  known  of  a  blast  furnace  has  been  where  the  gas  was  partially 
and  not  wholly  taken  off  and  at  a  depth  of  4  ft.  6  ins.  below  the 
top  of  the  materials.  In  one  case  that  came  under  his  experience, 
one  of  Darby's  beUs  was  used  very  successfully  for  a  considerable 
time,  taking  off  the  gas  at  a  depth  of  4  ft.  6  ins.  below  the  top ; 
bat  when  it  became  necessary  to  change  it,  the  new  bell  was 
inserted  to  a  depth  of  5  ft.  6  ins.,  in  order  to  give  the  fillers  a  little 
more  range  of  level ;  this  was  however  found  to  work  so  much  less 
satis&ctorily  that  it  was  altered  back  again  to  the  original  depth  of 
4  ft.  6  ins. 
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The  very  great  sensitiyeness  of  a  ftiniace  to  tlie  least  lowering 
of  its  workiiig  height  is  nndonbtedly  the  cause  of  more  than  one 
half  of  the  mottled  and  white  iron  that  is  made  where  grey  forge  or 
forge  iron  was  expected.  The  change  is  asnallj  cansed  by  delay  in 
filling,  most  frequently  at  night,  when  the  men  ofben  neglect  their 
work  and  allow  the  fnmace  to  driye,  so  that  the  snr&ce  of  the 
materials  is  lowered  a  considerable  distance ;  and  the  effect  is  then 
obserred  about  three  casts  later  by  the  production  of  mottled  or 
white  iron.  The  worst  consequence  of  this  neglect  is  that  the 
^nace  manager  then  finding  white  iron  made  probably  alters  the 
burden  at  once  in  order  to  correct  the  fault ;  and  afler  charging  it 
up  to  the  next  casting  time  with  either  less  ore  or  more  fttel,  he 
probably  finds  this  next  cast  all  right,  and  therefore  alters  the 
burden  back  again ;  but  in  another  cast  or  two  comes  the  iron  made 
from  the  lighter  burden,  rather  too  grey  to  suit  the  purposes  it  is 
wanted  for.  With  a  closed  top  there  can  be  no  check  upon 
irregularity  in  filling,  day  or  night,  except  by  constantly  watching 
the  filling.  But  in  an  open-topped  furnace  where  the  gas  is  taken 
off  through  openings  not  lower  than  5  feet  below  the  top  of  the 
materials,  if  the  filling  were  delayed  more  than  half  an  hour,  the 
greater  portion  of  the  gas  would  begin  to  escape  at  the  furnace 
mouth  instead  of  being  drawn  off  through  the  gas  openings,  as  the 
surfiu^  of  the  materials  would  be  lowered  nearly  to  the  leyel  of  the 
gas  openings.  The  fillers'  neglect  would  then  be  detected  by  an 
increased  flame  from  the  frimace  mouth,  and  by  the  supply  of  gas 
to  the  boilers  and  hot-blast  stoves  falling  short ;  and  they  would  be 
recalled  to  their  duly  by  the  risk  of  all  coming  to  a  standstill  from 
stoppage  of  the  blowing  engine. 

This  great  sensitiveness  of  blast  furnaces  as  to  being  kept 
charged  full  appears  to  suggest  strongly  the  doubt  whether  the 
Staffordshire  furnaces  are  now  as  high  as  the  fuel  would  allow  of 
their  being  worked  profitably ;  and  whether  a  gain  of  yield  would 
not  be  found  to  result  from  raising  the  furnaces.  The  present 
height  of  from  40  to  50  feet  in  Staffordshire  has  been  increased  in 
the  Cleveland  district  up  to  80  feet  and  more,  and  it  is  considered 
the  limit  of  height  has  not  yet  been  arrived  at  in  that  district. 
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There  is  no  doubt  tLat  ihe  Staffordshire  foel  woald  not  stand  any 
yery  considerable  increase  of  height,  on  account  of  its  friability ; 
bat  it  would  at  least  be  desirable  to  ascertain  by  trial  whether  some 
increase  of  height  would  not  be  beneficial. 

The  result  of  the  previous  enquiries  in  which  the  writer  was 
engaged  as  to  the  best  mode  of  utilising  the  waste  gas  from  blast 
furnaces  was  the  adoption  of  the  open-topped  plan  with  Darby's 
bell  inserted  in  the  neck  of  the  frimace  to  a  depth  of  4  fb.  6  ins* 
below  the  surface  of  the  materials  ;  and  the  writer  has  much 
pleasure  in  acknowledging  the  good  service  rendered  in  connection 
with  the  South  Staffordshire  iron  district  by  the  introduction  of 
this  plan  to  notice  in  the  valuable  paper  read  upon  the  subject  at  a 
former  meeting  of  the  Institution  five  years  ago,  (see  Proceedings 
Inst.  M.  E.,  1860,  page  251).  This  plan  was  appUed  to  two  furnaces 
at  the  writer's  works  at  Darlaston ;  and  in  carrying  it  out  the 
special  points  attended  to  were  to  provide  a  large  gas  main,  a 
large  chimney,  and  large  flues  to  the  chimney.  For  this  purpose 
the  gas  mains  were  made  5  fb.  diameter,  the  chimney  10  ft.  diameter 
inside  throughout  with  a  height  of  160  feet,  and  the  main  flues  to 
the  chimney  very  large,  5  ft.  high  to  the  crown  of  the  arch  and 
4  fb.  6  ins.  wide ;  and  experience  has  shown  that  these  dimensions 
are  none  too  large. 

The  two  ftimaces  continued  at  work  on  this  system  till 
September  1864,  when  the  heavy  cost  of  repairs  and  renewals 
with  the  consequent  stoppages  and  loss  in  wages  led  the  writer 
to  design  the  plan  to  be  described  in  the  present  paper,  which  is 
shown  in  Figs.  1  to  7,  Plates  66  to  70.  Fig.  1,  Plate  66,  is  an 
outside  elevation  of  the  furnace  to  which  this  system  is  applied. 
Fig.  2,  Plate  67,  is  a  vertical  section  of  the  same  furnace,  showing 
the  gas  openings  A  A  from  the  famsce  into  the  neck  flue  B, 
and  the  gas  branch  pipe  with  stop-vaJve  G  for  connecting  or 
disconnecting  this  furnace  from  the  range  of  gas  main.  Fig.  3, 
Plate  68,  is  a  sectional  plan  of  the  furnace  taken  through  the  gas 
openings  A  A  and  neck  flue  B.  Fig.  4,  Plate  69,  is  an  enlarged 
section  of  the  furnace  top ;  and  Figs.  5,  6,  and  7,  Plate  70,  show  a 
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vertical  section,  outside  elevation,  and  sectional  plan,  of  one  of  the 
segmental  boxes  or  gas  openings. 

These  gas  openings  or  boxes  are  made  of  cast  iron,  which  material 
has  been  fonnd  to  stand  very  well,  and  allows  of  the  openings  being 
made  so  wide  that  their  combined  area  of  passage  is  amply  snf&cient 
for  the  passage  of  the  gas,  without  the  depth  of  the  opening  being 
more  than  15  inches  ;  in  consequence  of  which  they  do  not  require 
to  be  inserted  lower  than  about  5  feet  down,  and  still  leave  a  fidr 
height  of  4  feet  above  them  for  variation  in  the  level  of  the  top  of 
the  materials  charged.     The  boxes  are  cast  very  strong,  as  shown 
in  Figs.  5  to  7,  and  the  openings  through  them  are  made  at  such  a 
slope  that  nothing  except  very  light  dust  can  be  carried  through 
them  by  the  gas  in  regular  working,  unless  it  be  a  bit  of  material 
thrown  over  by  one  of  the  slight  explosions  that  occasionally  take 
place  where  any  raw  minerals  are  used  in  the  furnace.     The  boxes 
are  placed  close  together  side  by  side,  so  as  to  form  a  continuous 
ring  of  openings  round  the  fdmace,  as  shown  in  the  plan,  Fig.  8, 
having  the  lower  end  of  the  slopes  opening  into  the  fornace  and 
the  upper  end  opening  into  the  large  external  gas  flu0  B,  Fig.  4, 
which  surrounds  the  neck  of  the  i^imace.     These  castings  take  the 
place  of  so  many  courses  of  lining  bricks,  and  after  they  have  been 
fixed  the  lining  firebricks  are  continued  above  them  to  the  top 
of  the  furnace.      Considering  their  strength  and  situation,  the 
castings  appear  likely  to  be  almost  permanent.   As  they  stand  flush 
with  the  face  of  the  lining,  the  whole  area  of  the  throat  of  the 
ftimace  is  left  free  for  charging ;  and  when  the  furnace  is  ^1  and 
any  portion  of  the  gas  passing  off  at  the  surface  of  the  materials, 
no  damage  can  be  done  to  the  openings  or  any  part  of  the  gas 
apparatus.     In  case  of  the  top  of  the  materials  sinking  below  the 
gas  openings,  any  damage  is  prevented  by  shutting  the  gas  valve  0 
at  once,  when  the  whole  of  the  gas  will  be  burnt  at  the  mouth  of 
the  ftimace,   but  without  injury  occurring  to  any  part   of  the 
apparatus,  as  is  unavoidably  the  case  with  the  wrought  iron  gas 
main  proceeding  from  a  bell  inserted  in  the  top  of  the  frimace. 

The  large  gas  flue  B  surrounding  the  neck  of  the  fumaoe  is 
lined  with  firebrick,  and  is  4  ft.  8  ins.  high  to  the  crown  of  the  arch 
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bj  3  fb.  mean  width.  The  outside  of  the  frimace  from  a  litUe  below 
the  bottom  of  the  flue  upwards  is  cased  with  wrought  iron  plates,  to 
which  is  fixed  a  light  iron  gallery  D  for  the  conyenience  of  cleaning 
out  the  flue  B.  A  series  of  openings  E  E  are  made  in  the  outer  side 
I  of  the  flue  all  round,  as  shown  in  the  plan,  Fig.  3,  which  are  closed 

by  pieces  of  boiler  plate  daubed  yrith  moistened  fireclay  and  held  in 
their  places  by  crossbars  and  wedges ;  by  means  of  these  the  whole 
of  the  neck  flue  can  be  cleaned  out  in  a  few  minutes  any  time  that 
the  blast  is  off  the  tiimace.  The  bottom  of  the  flue  is  placed  at 
a  lower  level  than  the  bottom  edge  of  the  gas  openings  A  A,  Fig.  4, 
in  order  that  the  dust  carried  oyer  with  the  gas  may  be  allowed  to 
accumulate  in  the  flue,  so  long  as  it  does  not  interfere  with  the  gas 
openings,  and  it  can  be  easily  cleaned  out  when  required.  Experience 
of  the  working  of  this  plan  of  fiimace  top  proves  that,  from  the 
increased  area  of  the  gas  openings  as  compared  with  other  plans, 
the  gas  does  not  pass  nearly  so  rapidly  out  of  the  furnace,  and 
consequently  has  not  the  power  to  carry  nearly  so  much  dnst  into 
the  flue.  The  sectional  plan  Fig.  3  shows  that  there  are  fifteen  gas 
openings  A  A  round  the  neck  of  the  i^imace,  23^  inches  wide  and 
11^  inches  high  on  the  square,  each  giving  270  square  inches  clear 
opening,  making  a  total  area  of  4050  square  inches  for  drawing  off 
the  gas ;  whereas  the  single  central  opening  of  the  bell  of  4  fb.  6  ins. 
diameter  previously  worked  in  the  same  i^rnaco,  which  was  as  large 
a  size  as  could  be  conveniently  used,  gave  an  area  of  only  2290  square 
inches  for  drawing  off  the  gas,  or  only  56  per  cent,  of  the  area  now 
obtained  with  the  present  neck  openings.  As  the  gas  openings  give  a 
total  area  of  4050  square  inches  for  the  passage  of  the  gas,  while  the 
descending  gas  main  suppUed  by  them  being  4  fb.  6  ins.  diameter  has 
an  area  of  only  2290  square  inches,  the  velocity  of  the  current  of  gas 
through  the  openings  is  necessarily  only  half  what  it  would  be 
where  a  bell  or  centre  opening  is  used  for  drawing  off  the  gas,  as  in 
the  latter  case  the  gas  opening  to  the  furnace  cannot  be  made  of 
larger  area  than  the  descending  gasjnain  of  4  fl.  6  ins.  diameter. 

The  ftimace  first  put  to  work  on  this  plan  by  the  writer  was 
started   in    September    1864;   and    as   fear  had   been    frequently 
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expressed  preyiouslj,  tliat  if  the  gas  was  taken  off  from  the  outside 
of  the  furnace  instead  of  from  the  centre  the  working  of  the 
furnace  would  necessarily  be  injured,  the  work  was  not  done  at  all 
substantially  at  first,  but  merely  yrith  cast  iron  plates  2  inches  thick 
to  form  the  gas  openings,  by  way  of  trial.  This  fear  however  of 
drawing  off  the  gas  from  the  outside  of  the  furnace  within  a 
reasonable  distance  of  the  top,  instead  of  from  the  centre,  appears 
when  fedrly  looked  into  to  be  unfounded.  For  the  gas  has  to  ascend 
a  height  of  about  40  feet  through  a  furnace  filled  with  considerable 
sized  masses  of  solid  friel,  ironstone,  and  limestone ;  and  therefore 
becomes  broken  up  into  innumerable  separate  columns,  each  of 
which  is  again  turned  in  different  directions  as  soon  as  it  meets 
with  another  solid  obstruction. 

.  Notwithstanding  the  temporary  kind  of  construction  that  was 
adopted  for  trial  in  the  first  frumace,  the  gas  openings  made  with 
only  2  inch  cast  iron  plates  lasted  more  than  a  year,  and  stood  some 
of  the  severest  treatment  that  a  furnace  top  can  be  exposed  to,  in 
consequence  of  a  sort  of  i^el  being  tried  at  one  time  which  proved 
&  total  failure,  and  with  which  the  frimace  was  unable  to  drive  at  all ; 
and  consequently  for  two  days  the  whole  throat  was  at  a  red  heat.  It 
was  expected  that  when  the  furnace  did  drive  below  where  the 
openings  had  been  they  would  be  found  to  have  given  way.  They 
had  not  however  completely  given  way  in  any  instance,  and  though 
the  plates  were  very  much  bent  they  remained  at  work  a  great  part 
of  a  year  afterwards.  Their  standing  so  well  is  to  be  attributed  to 
their  position,  in  the  outside  of  the  furnace  instead  of  in  the  centre ; 
and  also  to  the  effect  caused  by  closing  the  valve  on  the  top  of  the 
descending  gas  main,  so  that  no  gas  or  flame  could  then  pass 
outwards  through  the  openings,  as  there  was  no  longer  any  current 
to  draw  the  heat  through  the  openings.  Had  a  bell  been  at  work 
in  the  centre  of  the  ftirnace  top  in  this  instance,  the  only  way  to 
save  it  would  have  been  to  disconnect  it  and  lift  it  out  entirely ; 
but  this  could  not  have  been  done  till  the  materials  in  the  furnace 
throat  had  lowered  themselves  below  the  mouth  of  the  bell. 

As  the  gas  openings  are  now  cast,  as  shown  in  Figs.  5,  6,  and  7, 
it  is  anticipated  they  will  stand  for  many  years.     The  repairs  also 
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seem  to  be  quite  unimportaait,  for  when  required  it  will  only  be 
necessary  to  cbange  the  old  set  of  openings  or  castings  for  a  new 
set,  and  tbe  iron  in  the  set  taken  out  will  be  nearly  eqnal  in  weight 
to  that  put  in. 

The  advantages  of  this  plan  of  taking  off  the  gas  may  be 
summed  up  as  follows. 

The  whole  height  of  the  fnmace  throat  is  lefl  free  for  charging, 
which  is  eqniyalent  to  giving  additional  height  to  the  furnace  in 
comparison  with  other  modes  of  taking  off  the  gas. 

The  top  of  the  gas  openings  being  4  feet  below  the  top  of  the 
fomace,  as  long  as  the  materials  are  kept  charged  up  to  within 
3  ft.  6  ins.  of  the  fhmace  top  no  damage  can  be  done  by  flame  to 
the  gas  apparatus,  except  by  carelessly  allowing  the  chimney 
draught  to  be  so  strong  as  to  take  off  more  than  all  the  gas  and 
consequently  draw  in  some  air  from  the  furnace  top. 

There  is  no  wear  and  tear  from  the  shocks  of  the  successive  barrow 
loads  of  material  charged,  which  do  so  much  damage  to  a  cylinder 
carried  npon  brick  arches  or  a  bell  suspended  in  the  fnmace  throat* 

The  whole  of  the  gas  apparatus  is  of  simpler  construction ;  and 
being  all  placed  below  the  charging  platform,  it  is  much  cooler  and 
more  free  for  the  men  to  get  at.  From  the  large  area  of  the  gas 
openings  and  neck  flue,  which  allows  the  dust  to  be  for  the  most 
part  deposited  in  the  neck  flue,  the  gas  apparatus  is  less  liable  to 
become  foul ;  and  this  neck  flue  can  be  cleaned  with  the  greatest 
ease  whenever  required. 

From  the  great  strength  of  the  castings  forming  the  gas  openings 
and  their  advantageous  situation,  next  to  no  repairs  are  required, 
and  there  are  consequently  fewer  stoppages,  and  an  increased  make 
of  iron  is  the  result. 

There  is  also  the  convenfence  of  being  able  at  any  time  to  bum 
any  portion  or  even  the  whole  of  the  gas  at  the  furnace  mouth 
without  doing  any  damage  to  the  gas  apparatus. 

The  experience  of  the  working  of  this  plan  of  taking  off  the 
waste  gas  at  the  writer's  furnaces  is  very  satis&ctory  as  to  yield 
and  greater  regulariiy  in  make  of  iron,  in  consequence  of  there  being 
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fewer  stoppages ;  whence  also  there  is  a  great  saving  of  wages.  By 
this  plan  the  desideratum  previonsly  mentioned  may  be  very  nearly 
if  not  qnite  attained ;  namely  an  open-topped  fomace  where  nndfflr 
no  circumstances  can  there  be  back  pressure  or  the  trouble  of  lifting 
a  charging  cone.  The  ring  of  openings  of  15  inches  height,  at  a 
depth  of  not  more  than  4  feet  firom  the  ftimace  top  to  the  top  of  the 
openings,  are  found  able  to  take  off  just  as  much  gas  as  is  desired,  by 
opening  or  closing  the  gas  valve  and  so  only  permitting  enough  gas 
to  escape  at  the  top  of  the  materials  to  warm  and  dry  them  without 
firing  the  ftiel  in  the  i^imace  top  to  any  material  extent. 

In  many  previous  instances  the  gas  has  indeed  been  taken  off 
through  the  sides  of  a  fdmace  and  into  flues  in  the  brickwork  of 
the  furnace ;  but  then  it  has  been  taken  off  at  so  great  a  depth  that 
its  withdrawal  from  the  frimace  at  so  early  a  period  must  be  injurious ; 
and  the  openings  have  been  made  3  or  4  feet  deep,  thereby  greatly 
weakening  the  structure  of  the  frimace.  It  is  evident  that  by  taking 
off  the  gas  lower  down  in  a  frimace  it  is  taken  off  under  a  pressure 
sufficient  to  force  its  way  through  the  materials  above  that  depth, 
and  by  this  means  the  gas  may  be  drawn  off  without  so  powerful  a 
chimney :  but  by  so  doing  the  working  height  of  the  ftimace  is  in 
effect  greatly  reduced ;  and  experience  shows  that  in  the  Staffordshire 
Aunaces  at  least  there  is  great  value  in  every  foot  of  height  that  can 
be  worked,  while  probably  a  trial  would  show  something  valuable  in 
an  additional  6  feet  of  height  or  more. 


Mr.  N.  Nbal  Sollt  said  that  he  folly  concurred  with  the  views 
advanced  in  the  paper  as  to  the  advantages  of  open-topped  blast 
furnaces  over  those  working  with  a  closed  top ;  and  having  had 
several  years'  experience  at  the  Willenhall  Furnaces  in  taking  off  the 
waste  gas  from  open-topped  furnaces,  by  means  of  a  bell  suspended 
in  the  centre  of  the  frirnace  throat,  he  was  satisfied  that  the  plan 
described  in  the  present  paper  was  a  great  improvement,  and 
decidedly  superior  to  the  other  modes  of  taking  off  the  gas,  as 
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the  suspended  bell  was  liable  to  freqaent  accidents.     He  enquired 

whether  the  supply  of  gas  obtained  by  this  means  was  always 

found  as  large  and  as  regular  as  when  taken  off  by  the  bell 

preyioxisly  used,   and  whether  it  had  always  done  the  work  as 

satis&ctorily  in  the  boilers  and  hot-blast  stoyes. 

Mr.  Addenbbooee  replied  that  this  plan  was  found  even  more 
effectiye  than  the  bell  suspended  in  the  fnmace  throat ;  indeed  the 
ring  of  openings  round  the  neck  of  the  furnace  were  capable  of 
taking  off  the  whole  quantity  of  gas  that  the  Aimace  yielded.  By 
the  aid  of  the  powerM  chimney  dranght  he  had  seen  the  gas  so 
completely  drawn  off  that  a  man  had  been  able  to  walk  across  the 
top  of  the  materials  in  the  ^imace  throat,  whilst  the  fiimace  was 
working  at  the  rate  of  220  tons  per  week :  but  in  this  case  there 
mnst  have  been  air  drawn  in  through  the  top  of  the  materials  by  the 
draught  being  unnecessarily  strong,  which  would  cause  combustion 
to  take  place  immediately  below  the  surface,  where  it  was  very 
undesirable;  and  accordingly  orders  were  given  to  the  men  that, 
whenever  the  flame  disappeared  entirely  at  the  furnace  mouth,  the 
gas  valve  was  to  be  partially  closed  until  a  slight  flame  appeared 
again,  so  as  to  make  sure  that  no  air  was  being  drawn  down  through 
the  furnace  top. 

Mr.  P.  A.  MiLLWABD,  engineer  at  the  Bough  Hay  Iron  Works, 
Darlaston,  said  that  the  gas  taken  off  from  the  furnaces  by  the 
system  described  in  the  paper  had  been  found  to  do  its  work  in  the 
boilers  and  hot-blast  stoves  quite  as  weU  as  when  taken  off  by 
the  bell  previously  used ;  and  the  present  plan  not  only  gave  the 
means  of  drawing  off  much  more  gas  than  was  required  for  heating 
purposes,  but  also  admitted  of  taking  off  the  whole  of  the  waste  gas 
from  the  frimace,  though  that  was  more  than  it  was  desirable  to 
accomplish. 

Mr.  J.  E.  Swindell  enquired  whether  the  heating  of  the  boilers 
and  hot-blast  stoves  was  not  interfered  with  whenever  the  gas 
valve  was  closed  on  the  occasion  of  the  flame  disappearing  at  the 
foraace  mouth. 

Mr.  Addenbbooke  explained  that  the  gas  valve  was  never  shut 
entirely;  but  whenever  the  flame  disappeared  at  the  fomace  top 
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the  valve  was  partially  closed  to  a  sufficient  extent  to  canse  a 
portion  of  the  gas  to  pass  ont  at  the  furnace  mouth  and  restore  the 
flame.  Even  when  the  gas  valve  was  partially  closed  however 
there  was  an  abundant  supply  of  gas  for  heating  purposes ;  for  the 
furnace  produced  always  more  gas  than  would  be  required  even 
with  the  oldest  and  least  economical  forms  of  boilers.  The  boilers 
used  at  the  Bough  Hay  Iron  Works  were  plain  cylindrical  boilers 
without  any  flues,  and  they  supplied  steam  to  the  blast  engine,  and 
to  the  engine  employed  in  the  fitting  shops  and  for  working  the 
wood-sawing  machinery  and  raising  the  materials  for  filling  the 
blast  ^imaces ;  and  the  whole  of  the  heating  was  done  by  the  waste 
gas,  without  the  use  of  any  other  firing.  An  important  advantage 
in  the  employment  of  the  waste  gas  for  this  purpose  had  been  that 
it  had  effected  a  very  considerable  saving  in  repairs  both  of  boilers 
and  hoirblast  stoves ;  the  boilers  and  stoves  frequently  worked  for 
several  weeks  together  without  the  firedoors  being  once  opened,  so 
that  they  were  not  subjected  to  the  constant  exposure  to  expansion 
and  contraction  by  alternate  heat  and  cold,  and  consequently  the 
boiler  plates  and  hot-blast  pipes  lasted  much  longer  before  requiring 
repairs  than  when  heated  by  burning  coal  under  them ;  there  had 
indeed  been  scarcely  any  repairs  required  since  the  waste  gas 
had  been  employed  for  heating. 

Mr.  J.  E.  Swindell  thought  the  plan  described  in  the  paper  was 
certainly  a  step  in  the  right  direction  for  taking  off  the  waste  gas 
from  open-topped  ftimaces.  In  the  case  of  close-topped  frimaces, 
where  the  whole  of  the  waste  gas  was  taken  off,  he  understood  the 
supply  of  gas  obtained  was  always  found  greater  than  was  required 
for. all  the  purposes  to  which  it  was  applied;  and  therefore  there 
seemed  no  reason  to  doubt  that  in  the  open-topped  plan  now 
described  a  sufficient  quantity  of  gas  might  always  be  obtained  from 
the  frLToace,  while  still  leaving  some  to  bum  out  at  the  open  top  of 
the  frumace.  He  enquired  whether  the  friel  employed  in  the  furnaces 
described  was  all  coke. 

Mr.  Addenbbooee  replied  that  siuce  the  present  plan  of  taking 
off  the  gas  had  been  adopted  the  fuel  employed  in  the  frimaces  had 
not  been  entirely  coke,  but  a  good  deal  of  coal  had  been  used  also. 
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This  bad  no&ing  to  do  however  with  the  mode  of  taking  ofF  the  gas, 
which  was  equally  effective  whether  coal  or  coke  was  employed.  In 
one  respect  this  plan  of  taking  off  the  gas  was  certainly  invaluable 
in  fomaces  where  coal  was  used,  as  compared  with  a  bell  suspended 
in  the  mouth  of  the  fomace ;  for  the  flame  burning  out  at  the  mouth 
of  a  fdmaoe  working  with  coal  was  so  much  hotter  than  with  coke 
that  the  bell  and  the  horizontal  branch  pipe  leading  from  it  became 
veiy  highly  heated,  and  were  greatly  injured  by  the  flame ;  but  in 
drawing  off  the  gas  hy  the  neck  openings  below  the  sur&ce  of  the 
materials,  no  part  of  the  gas  apparatus  was  exposed  to  the  flame  in 
the  furnace  mouth,  and  the  whole  of  the  flues  and  pipes  were  kept 
so  cool  that  within  a  few  feet  of  the  neck  flue  the  hand  could 
be  held  upon  the  ^  inch  plates  of  which  the  gas  main  was  composed^ 
Moreover  in  the  case  of  a  bell  suspended  in  the  furnace  mouth  the 
area  of  the  bell  was  no  larger  than  that  of  the  gas  main,  and 
therefore  the  fall  force  of  the  chimney  draught  acted  at  the  bell, 
causing  a  large  quantity  of  dust  to  be  drawn  off  with  the  gas ;  but 
In  the  present  plan  the  area  of  the  gas  openings  round  the  neck  of 
the  fomace  was  greater  than  that  of  the  gas  main,  so  that  the  gas 
came  off  quietiy  through  the  openings  and  carried  over  less  dust 
with  it ;  and  the  dust  was  then  deposited  in  the  neck  flue  instead 
of  all  passing  down  the  gas  maiu. 

Mr.  J.  E.  SwiNnELL  observed  that  mention  had  been  made  in  the 
paper  of  a  close-topped  ftimace  at  Dowlais,  from  which  the  gas  was 
carried  to  a  distance  of  a  quarter  of  a  mile  before  being  consumed ; 
and  he  enquired  whether  it  could  be  conveyed  to  as  great  a  distance 
if  required  in  the  mode  now  described  of  taking  off  from  open«> 
topped  furnaces. 

Mr.  Addinbbooki  repHed  that  in  the  open-topped  furnaces  the 
gas  could  be  taken  to  any  distance,  according  to  the  power  of  the 
chimney  draughty  and  with  the  advantage  that  the  working  of 
the  fnmaoe  would  not  be  affected  by  any  back  pressure,  whatever 
might  be  the  distance  to  which  the  gas  was  conveyed.  With  a  mora 
powerful  chimney  however  the  gas  openings  would  have  to  be  placed 
rather  lower  down  in  the  furnace,  so  as  to  avoid  drawing  in  air  with 
fhe  gas.     In  the  case  of  the  dose-topped  fdmace  at  Dowlais  that 

I.  2 


250  BLAST-FUBNAGE  WASTE  OAS. 

liad  been  named,  a  portion  of  the  gas  taken  off  was  employed  near 
the  fomace  for  burning  bricks  and  .calcining  ironstone ;  and  the  rest 
of  the  gas  was  then  conveyed  to  a  distance  of  about  a  quarter  of  a 
mile  to  heat  the  boilers  of  the  forge  and  rolling  mill ;  but  the  back 
pressure  produced  in  the  furnace  top  by  forcing  the  gas  along  snch 
a  length  of  pipe  amounted  to  ^  inch  of  water,  and  he  understood 
it  was  intended  to  employ  a  fan  for  drawing  off  the  gas,  so  as  to 
diminish  this  back  pressure  on  the  furnace. 

Mr.  W.  Haden  enquired  whether  there  would  not  be  some 
difficulty  in  replacing  the  castings  forming  the  gas  openings  round 
the  neck  of  the  furnace,  whenever  they  required  renewal;  and 
whether  it  would  not  be  advisable  to  make  some  provision  for 
replacing  them  readily  in  the  event  of  any  mishap. 

Mr.  Addenbbooeb  replied  -that  with  the  present  strong 
construction  of  the  castings  forming  the  gas  openings,  of  which 
a  full  size  model  was  exhibited,  it  was  not  expected  that  there 
would  be  any  considerable  wear,  and  there  was  reason  to  expect 
they  would  last  quite  as  long  at  least  as  the  lining  of  the  furnace ; 
and  as  they  merely  took  the  place  of  a  few  courses  of  lining  at  the 
top  of  the  ftimace,  they  could  readily  be  replaced  if  requisite  at 
the  time  of  renewing  the'  lining.  The  durability  of  the  castings 
would  of  course  depend  upon  the  care  with  which  the  furnace  wza 
worked,  and  if  there  were  a  flame  through  the  gas  openings  it 
would  necessarily  cause  destruction  of  the  iron ;  but  it  must  be 
borne  in  mind  that  when  the  working  was  properly  managed,  so 
that  a  flame  was  always  kept  burning  out  at  the  furnace  top  and 
the  loading  of  the  materials  kept  up  to  the  proper  height  above  the 
gas  openings,  the  gas  was  drawn  off  through  the  openings  without 
any  flame,  because  no  air  was  then  drawn  down  from  the  top  to 
produce  flame  below  the  surfiEU3e  of  the  materials ;  and  consequent! j 
the  castings  were  not  exposed  to  injury  from  the  passage  of  the  gas 
through  the  openings.  Even  the  first  gas  openings,  constructed  of 
only  2  inch  cast  iron  plates,  as  a  temporary  expedient  by  way 
of  making  trial  of  the  new  plan,  had  continued  satis&ctorily  in 
work  for  upwards  of  a  year,  notwithstanding  the  very  severe  test  to 
which  they  were  subjected  within  three  months  of  being  put  in. 
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wbexx  the  whole  throat  of  the  furnace  had  been  at  a  red  heat  for 
two  days ;  and  the  present  castings  were  so  much  more  maesiye 
that  they  were  expected  to  prove  mnch  more  durable.  On  the 
occasion  of  putting  in  the  new  castings  in  the  second  furnace  to 
which  the  plan  had  been  applied,  which  had  been  done  about  nine 
months  ago,  advantage  had  been  taken  of  an  opportunity  when 
work  was  slack ;  and  the  blast  being  turned  off,  the  furnace  stood 
six  days  with  the  charge  in  it  while  the  top  was  taken  down 
sufGLciently  &r  to  put  in  the  new  set  of  openings,  after  which  the 
working  was  continued  again  without  any  inconvenience  resulting 
firom  the  stoppage.  At  present  there  had  been  only  nine  months' 
actual  experience  of  the  durability  of  the  castings ;  they  did  not 
show  any  injury,  and  whenever  they  might  require  renewal, 
the  cost  of  replacing  them  would  not  be  serious,  as  the  iron 
originally  put  in  would  be  nearly  all  recovered  in  the  old  castings 
taken  out. 

The  Chairman  remarked  that  as  the  ring  of  gas  openings  round 
the  neck  of  the  furnace  was  composed  of  separate  segmental  castings, 
he  presumed  it  would  be  practicable  at  any  time  to  replace  a  single 
defective  casting  without  much  difficulty;  and  he  enquired  what 
was  the  weight  of  each  of  the  castings,  and  whether  they  were 
placed  contiguous  to  one  another  all  round  the  circle,  or  whether 
there  was  anything  interposed  between  the  successive  segments. 

Mr.  Addenbrookb  replied  that  the  castings  weighed  nearly  1  ton 
each,  and  were  placed  close  together  round  the  furnace  throat  without 
anything  between  them ;  and  for  taking  out  any  one  of  the  castings 
it  would  only  be  necessary  to  take  down  the  furnace  top  immediately 
above  that  particular  casting,  so  as  to  allow  of  lifting  it  out  by  a 
crane  and  putting  in  another  casting  in  its  place. 

Mr.  C.  P.  Sandbebo  remarked  that  the  utilisation  of  the  waste 
gas  from  blast  furnaces  had  been  clearly  proved  to  be  beneficial, 
even  where  fuel  was  cheap ;  but  the  difficulties  by  which  it  was 
attended,  namely  irregularity  in  the  working  of  the  fiimace, 
increased  consumption  of  fuel  per  ton  of  iron  produced,  and  liability 
to  explosions,  had  to  be  careAilly  guarded  against,  otherwise  the 
result  would  be  a  loss  instead  of  a  saving. 
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On  the  Oontinent  and  in  Sweden  the  waste  gas  had  been  utilised 
for  twenty  to  thirty  years  past.  In  Sweden  Professor  N.  Qr.  Se&trom, 
of  the  School  of  Mines  at  Fahlnn,  had  been  the  first  to  employ  the 
gas  for  the  calcining  kilns  and  hot-blast  stoves.  The  gas  was  taken 
off  throngh  an  opening  in  the  wall  of  the  fomaoe  abont  5  feet  below 
the  top,  and  the  furnace  top  was  left  open.  .  The  hot-blast  stove 
was  placed  at  the  level  of  the  furnace  top ;  and  the  calcining  kiln 
was  also  placed  in  a  high  position,  in  order  that  the  gas  might  not 
have  to  be  drawn  down  to  a  much  lower  level,  which  was  to  be 
avoided  on  account  of  the  small  pressure  of  the  gas.  In  some 
places  a  vertical  cylinder  of  nearly  the  same  diameter  as  the  furnace 
mouth  was  inserted  in  the  top  of  the  furnace,  for  taking  off  the  gas 
from  the  top,  thus  obtaining  a  higher  pressure ;  while  the  surplus 
gas  was  allowed  to  escape  through  the  anniilar  space  between  the 
cylinder  and  the  fomace  wall.  This  plan  had  been  applied  to 
charcoal  furnaces  with  but  little  difficulty,  so  long  as  the  gas  was 
not  required  to  be  drawn  down  from  the  fdmace  top  to  a  lower 
level ;  but  considerable  difficulties  had  arisen  when  the  fireplace 
where  the  gas  had  to  be  burned  was  situated  down  at  the  level  of 
the  tuyeres,  in  which  case  the  necessary  power  for  drawing  the  gas 
down  had  not  been  obtained  even  with  the  assistance  of  an  ordinary 
large  chimney ;  and  the  result  had  been  a  greater  consumption  of 
foel  in  the  furnace  instead  of  a  saving.  In  order  to  ensure  the  gas 
being  drawn  down,  it  had  been  found  advantageous  to  have  a  pressure 
of  gas  in  the  tube  of  not  less  than  ^  inch  of  water  at  the  fiimace 
top  and  1-lOth  inch  near  the  fireplace  at  the  level  of  the  tuyeres. 

In  conveying  the  gas  through  tubes  from,  the  famsuce  top  to  the 
fireplaces  it  was  found  better  to  have  a  positive  pressure  or  plenum 
inside  the  tubes  ;  so  that  the  small  openings  for  leakage  round  the 
valves,  which  could  scarcely  be  avoided,  might  allow  the  gas  to 
escape,  instead  of  drawing  air  into  the  tubes.  In  the  fireplace  also 
the  combustion  was  better  effected  when  the  gas  was  delivered  there 
by  pressure  than  when  drawn  down  by  means  of  a  draught.  It  had 
also  been  found  necessary  to  avoid  the  horizontal  gas  tube  at  the  top 
of  the  fdmace,  because  it  was  liable  to  become  filled  up  with  dust 
deposited  there  from  the  gas  taken  off;  and  it  was  desirable  to 
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oondnot  the  outer  end  of  the  gas  tube  into  a  water  cistern,  which 
acted  both  as  a  receptacle  for  dust  and  also  as  a  safety  yalye. 

In  coke  famaces  the  means  of  obtaining  the  requisite  pressure 
in  the  upper  part  of  the  ftirnace  for  forcing  the  gas  down  from  the 
fbmace  top  had  generally  been  bj  working  the  frimace  with  a  closed 
top ;  but  in  charcoal  fdmaces  the  charge  itself  acted  as  a  sufficient 
coyer  to  dose  the  fdmace  top,  the  ore  being  crushed  to  a  fine  state ; 
and  in  these  furnaces  therefore  it  was  sufficient  to  lower  the  opening 
for  the  escape  of  the  gas,  while  the  ftimace  top  was  left  open.  The 
doee-topped  furnaces  were  worked  in  many  localities  in  England 
and  on  the  Continent,  while  the  open-topped  ftimaces  were 
employed  in  some  parts  of  France,  Germany,  and  Sweden ;  and  in 
the  Swedish  furnaces  charcoal  was  used  exdnsively.  In  the  case 
of  six  open-topped  charcoal  famaces  in  Sweden  of  which  he  had 
had  the  management  from  1856  to  1860,  the  hot-blast  stoves  were 
removed  from  the  top  of  the  fdmaces  down  to  the  level  of  the 
tayeres,  and  the  necessary  pressure  of  the  gas  was  obtained  by 
lowering  the  gas  opening  down  to  14  feet  below  the  top,  the  height 
of  the  fnmaoes  being  42  feet.  No  chimney  was  used  in  connection 
with  the  stoves,  and  no  loss  of  fuel  or  other  objection  was  caused  by 
taking  off  the  gas  so  low  down  in  the  furnace. 

Li  the  plan  described  in  the  paper  for  taking  off  the  wa^te  gas, 
the  use  of  a  chimney  draught  for  drawing  down  the  gas  from 
the  furnace  top  had  been  carried  out  to  a  much  greater  extent  than 
he  had  ever  seen  successfolly  accomplished  before,  the  gas  openings 
being  only  4  feet  below  the  furnace  top,  which  was  left  entirely 
open,  and  the  gas  being  drawn  down  to  the  level  of  the  tuyeres 
entirely  by  the  force  of  the  chinmey  draught.  Such  an  arrangement 
appeared  a  retrograde  movement  in  the  principle  of  taking  off  the 
waste  gas ;  but  having  had  the  pleasure  of  seeing  the  working  of 
this  plan  at  the  Bough  Hay  Furnaces,  he  had  found  that  it  proved 
completely  successfxQ  in  practice.  The  supply  of  gas  at  the  boilers 
appeared  to  be  plentiful,  and  the  combostion  was  well  regulated ; 
and  the  whole  arrangement  was  well  worthy  the  attention  of  every 
one  connected  with  the  working  of  blast  furnaces.  He  thought 
however  that  with  the  gas  openings  situated  at  only  4  feet  depth 
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below  the  open  fomace  top,  and  with  snch  a  large  oliinme^  for 
drawing  off  the  gas,  there  would  be  need  of  special  care  to  keep 
the  furnaces  at  all  times  well  filled  and  regular  in  the  level  of  the 
charge ;  otherwise  air  would  be  drawn  down  from  the  top,  and 
entering  with  the  gas  into  the  pipes  would  cause  explosion.  The 
reason  assigned  for  placing  the  gas  openings  so  near  the  top  of  the 
Airnace  was  that  the  consumption  of  fuel  had  been  found  to  be 
increased  when  the  gas  was  taken  off  at  a  lower  level ;  but  in  this 
respect  the  experience  of  the  furnaces  referred  to  in  the  paper 
differed  from  that  of  the  Swedish  charcoal  furnaces,  as  well  as  the 
Continental  coke  Aimaces,  where  the  gas  was  taken  off  at  a  much 
greater  depth  below  the  top  without  increasing  the  consumption 
of  fuel. 

Mr.  Addenbrooee  observed  that,  though  the  use  of  a  chimney 
for  drawing  off  the  gas  from  the  blast  frimace  appeared  to  be  little 
known  in  connection  with  the  Swedish  furnaces,  it  was  bj  no  means 
new  in  this  country,  having  been  employed  previously  for  furnaces  in 
Staffordshire,  as  well  as  in  the  Yorkshire  and  Welsh  districts.  The 
level  at  which  the  gas  was  drawn  off  ^m  the  furnace  had  been 
found  in  his  own  experience  to  be  an  all-important  point ;  and  he 
did  not  understand  how  this  could  have  been  found  a  matter  of 
indifference  in  the  Swedish  frimaces. 

As  regarded  the  liability  to  explosion  in  taking  off  the  gas  by 
the  mode  described  in  the  paper,  he  had  not  found  there  was 
any  liabiHty  to  explosion  unless  through  gross  carelessness  and 
mismanagement.  In  Sweden  he  understood  there  had  been  several 
explosions,  and  nine  or  ten  hot-blast  stoves  had  been  split  by 
explosions;  and  he  thought  this  was  to  be  accounted  for  hy  the 
plan  of  taking  off  the  gas,  having  a  plenum  of  pressure  to  force  the 
gas  down  from  the  furnace  top,  instead  of  a  chinmey  draught  to 
draw  it  down;  so  that,  whenever  the  stoves  were  standing  idle, 
there  was  a  liability  of  some  gas  being  still  forced  into  them 
through  the  leakage  of  the  valves ;  and  as  there  was  no  draught  to 
carry  it  off,  this  would  hang  in  the  top  of  the  stoves  and  form  an 
explosive  mixture  with  the  air,  and  then  an  explosion  would  ensue 
ip^hen  a  light  was  applied  to  it.    But  with  the  chimney  draught  as 
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employed  at  his  own  works,  the  regulations  were  that  the  draught 
was  always  to  be  put  on  the  stoves  before  the  gas  was  admitted,  so 
that  there  was  no  opportnniiy  for  any  explosive  mixture  to  be  formed ; 
and  he  had  accordingly  had  scarcely  any  accidents  by  explosion 
in  the  nse  of  the  waste  gas  for  the  boilers  and  hot-blast  stoves. 

Mr.  John  Jones  enquired  whether  in  taking  off  the  waste  gas  by 
the  plan  described  in  the  paper  the  production  of  pig  iron  by  the 
fbmaces  had  been  greater  or  less  than  before  the  gas  was  taken  off. 

Mr.  Addenbbooke  repUed  that  the  production  of  pig  iron  had 
certainly  been  found  to  be  increased  since  the  waste  gas  had  been 
taken  off,  the  make  of  each  furnace  having  now  got  up  to  more  than 
200  tons  per  week,  instead  of  the  former  make  of  only  150  or  160 
tons  per  week.  He  did  not  consider  however  that  the  whole  of 
this  increase  of  make  was  to  be  attributed  to  taking  off  the  waste 
gas,  as  he  thought  it  was  partly  due  to  the  use  of  the  new  gunmetal 
tuyeres,  which  had  recently  been  adopted  for  blowing  the  Aimaces, 
and  which  formed  the  subject  of  another  paper  at  this  meeting. 
Another  advantage  which  had  been  experienced  was  that  the 
quality  of  the  iron  made  was  very  much  more  regular  than  before 
the  gas  was  taken  off  from  the  furnaces. 

The  Ghaibman  moved  a  vote  of  thanks  to  Mr.  Addenbrooke  for 
his  paper,  which  was  passed. 


The  following  paper,  communicated  through  Mr.  Addenbrooke, 
was  then  read: — 
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DESCRIPTION  OF  A  GUNMBTAL  TUYERE 
FOR  BLAST   FURNACES. 


Bt  Mb.  K.  NEAL  SOLLY,  or  Willxkhall. 


For  the  Tuyeres  of  Blast  Furnaces  there  are  two  distinct  kinds 
of  iron  water  tuyeres  generally  in  use. 

The  first  of  these  is  the  Cast  Iron  or  Scotch  tuyere,  which  ia 
made  of  a  coil  of  wrought  iron  tube  imbedded  in  the  sides  of  a 
hollow  cone  of  cast  iron,  as  shown  in  Figs.  1  and  2,  Plate  71 ;  each 
end  of  the  coil  projects  from  the  back  end  of  the  cone,  and  through 
this  coil  the  water  for  cooling  the  tuyere  circulates,  as  shown  by  the 
arrows.  This  construction  of  tuyere  is  generally  in  use  in  Scotland, 
North  Staffordshire,  Cumberland,  and  parts  of  Wales,  Ac,  A  tuyere 
formed  of  a  coil  of  wrought  iron  tube  not  imbedded  in  cast  iron  is 
also  used  in  some  places. 

The  second  tuyere  is  the  Wrought  Iron  or  Staffordshire  tuyero, 
which  is  shown  in  Figs.  3  and  4.  It  is  forged  out  of  boiler  plate, 
and  is  made  in  the  form  of  a  truncated  cone,  the  sides  being  hollow 
to  allow  of  the  circulation  of  water  through  them.  The  water  enters 
from  a  pipe  through  a  hole  on  the  lower  side  of  the  outer  end  or 
back  of  the  tuyere,  and  is  discharged  in  a  similar  way  from  the 
upper  side,  as  shown  by  the  arrows. 

In  each  description  of  tuyere  the  blast  enters  the  furnace 
through  a  wrought  iron  nozzle  pipe  placed  in  the  axis  or  centre 
of  the  conical  tuyere.  Although  both  these  kinds  of  iron  tuyeres 
are  a  great  improvement  upon  the  tuyeres  that  were  used  before  the 
introduction  of  the  hot  blast,  the  chief  objection  to  them  consists  in 
the  fact,  that  after  they  hare  been  at  work  a  comparatiyely  short 
time,  which  is  yery  yariable,  being  sometimes  only  one  or  two  days, 
the  iron  of  the  frimace  and  iron  mixed  with  cinder  accumulate 
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round  the  nose  of  the  tuyere  and  begin  to  adhere  to  it,  or  in 

technical  language  the  tuyere  *'  irous/'  as  shown  at  A  A  in  Fig.  4. 

As  this  accumulation  goes  on  increasing,  the  entrance  of  the  blast 

into  the  furnace  is  much  impeded  by  the  diminution  of  the  tuyere 

aperture.     In  the  case  of  the  wrought  iron  tuyere,  the  tuyere  has 

then  to  be  taJcen  out  and  changed,  an  operation  attended  with 

much  labour  and  occupying  about  three  quarters  of  an  hour,  during 

which  time  the  blast  has  to  be  taken  off  the  fomace ;  whilst  in  the 

cast  iron  tuyere,  when  it  has  "  ironed ''  badly,  the  accumulation  of 

iron  round  the  cast  iron  nose  is  so  great  as  to  render  it  necessary 

to  shut  off  the  water  and  bum  off  the  entire  end  of  the  tuyere, 

before  the  tuyere  can  be  taken  out ;  this  burning  off  requires  several 

hours  to  accomplish,  during  which  time  the  good  working  of  the 

furnace  is  interfered  with,  while  the  value  of  the  tuyere  and  nozzle 

pipe  is  of  course  sacrificed. 

The  new  tuyere,  forming  the  subject  of  the  present  paper,  is 
shown  in  Figs.  5  and  6,  Plate  72,  and  is  made  of  Gunmetal,  that  is 
copper  alloyed  with  small  proportions  of  tin  and  spelter.  As  copper 
whether  pure  or  alloyed  has  no  affinity  whatever  for  iron,  no  iron 
or  other  material  from  the  furnace  becomes  attached  to  the  tuyere 
nose,  however  long  a  time  it  may  have  been  in  the  furnace :  in  &ct 
the  gunmetal  tuyere  never  "  irons,"  and  therefore  rarely  requires  to 
be  taken  out  or  changed,  from  which  circumstance  many  advantages 


After  various  experiments  had  been  made  by  the  writer  as  to 
the  form  and  thickness  of  tuyeres  made  entirely  of  gunmetal  in 
different  proportions,  and  also  with  tuyeres  having  the  outer  end 
made  of  iron  and  only  the  nose  end  of  gunmetal,  the  form 
of  the  ordinary  wrought  iron  tuyere  was  adopted,  as  shown  in 
Figs.  5  and  6.  Fig.  6  represents  the  longitudinal  section  of  a 
gomnetal  tuyere,  20  inches  long,  11  inches  diameter  at  the  outer 
end,  and  8  inches  at  the  nose  end,  with  3|  inches  diameter  of 
opening :  the  wrought  iron  nozzle  B  of  the  blast  pipe  is  also  shown 
in  ito  place  in  the  axis  of  the  tuyere.  Fig.  5  is  an  elevation  of  the 
back  end  of  the  tuyere,  showing  the  position  of  the  two  water  holes. 

M  2 
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In  this  tnyere,  instead  of  the  snpply  water  pipe  C  being  simply 
inserted  into  the  back  end,  as  is  the  case  in  the  wronght  iron 
tnyeres,  withont  entering  the  water  space,  the  pipe  is  carried 
forwards  inside  the  tnjere  to  within  4  or  5  inches  of  the  nose  end, 
so  that  the  fresh  cold  water  is  delivered  close  to  the  nose  end> 
which  has  been  fonnd  to  ensnre  a  more  effective  action  of  the  water 
in  keeping  the  tuyere  nose  cool. 

The  first  gonmetal  tnyere  of  nearly  this  form  was  put  to  work 
at  the  writer's  furnaces  at  Willenhall  on  18th  January  last,  and  has 
been  at  work  ever  since  until  last  week,  when  it  was  taken  out 
for  the  purpose  of  being  sent  to  the  present  meeting,  and  is  now 
exhibited.  There  is  also  exhibited  a  gunmetal  tuyere  of  the  pattern 
since  more  generally  adopted,  which  has  been  at  work  for  three 
months  in  the  same  furnaces ;  and  also  an  ordinary  wrought  iron 
tuyere  taken  out  after  only  a  few  days*  work,  showing  how  the  nose 
"irons."  With  respect  to  the  first  gunmetal  tuyere  now  exhibited, 
it  has  to  be  observed  that  when  first  cast  it  was  an  imperfect  casting, 
and  was  patched  by  running  some  gunmetal  over  part  of  the  hose 
end  a  second  time ;  notwithstanding  this  disadvantage  however 
it  has  worked  for  nine  months  with  scarcely  any  signs  of  &iling. 
Another  &ct  deserving  of  special  notice  in  connection  with  this  first 
gunmetal  tuyere  is  that  it  was  originally  cast  1  inch  thick  at  the  nose, 
but  afber  being  put  to  work  it  got  gradually  reduced  to  its  present 
thickness  of  about  ^  inch ;  this  took  place  by  small  holes  forming  in 
the  metal  at  the  nose  end  and  the  surface  getting  gradually  melted 
down  until  it  arrived  at  the  proper  thickness,  since  which  time 
there  has  been  no  forther  change  of  any  consequence.  This  thickness 
of  I  inch  at  the  nose  is  therefore  the  one  which  has  now  been 
permanently  adopted,  and  the  sides  of  the  tuyere  are  made  f  inch 
thick.  A  specimen  of  a  gunmetal  tuyere  slotted  down  the  centre  is 
also  shown. 

As  gunmetal  melts  at  a  lower  temperature  than  iron,  a  tah  and 
constant  supply  of  water  from  a  head  or  cistern  raised  a  good 
height  above  the  tuyeres  must  be  kept  continually  flowing  through 
these  gunmetal  tuyeres ;  and  for  the  same  reason  it  is  of  importance 
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when  the  tnyere  is  cbanged  tliat  the  water  shonld  be  kept  on  till  the 
tuyere  is  quite  ready  to  come  out.  When  the  tuyere  is  to  be  taken 
out,  a  sharp  bar  mnst  not  be  employed  to  loosen  it,  such  as  is  used 
in  the  case  of  the  ordinary  wrought  iron  tuyeres;  but  a  round- 
ended  bar  with  the  head  projecting  on  one  side  so  as  to  fit  the 
end  of  the  gunmetal  tuyere,  as  shown  in  Fig.  8,  Plate  73,  answers 
the  purpose  completely.  If  these  points  are  carefully  attended  to, 
the  nose  of  the  tuyere  is  found  not  to  be  liable  to  be  injured  or 
cut  off. 

The  water  cistern  for  the  supply  of  the  tuyeres  should  be  placed 
at  a  height  equal  to  that  of  the  furnace,  wb^erever  practicable,  in 
order  to  ensure  a  rapid  circulation  of  water.  The  water  pipes  to  the 
tnyere  are  1  inch  bore,  and  a  Httle  hemp  and  white  lead  is  put 
round  the  pipes  where  they  are  inserted  into  the  tuyere,  to  make 
a  water-tight  joint ;  and  a  few  inches  behind  the  joint  a  small 
collar  D  is  welded  on  the  pipe,  Fig.  6,  to  serve  as  a  butt  for  the 
fumaceman's  hammer  to  strike  against  for  driving  up  the  water 
pipe  tighter. 

If  a  deposit  of  sediment  is  found  to  be  formed  in  the  gunmetal 
tnyere  from  the  water  that  is  supphed  to  the  tuyere,  it  should  be 
allowed  to  become  quite  cold  when  taken  out,  and  then  on  its  being 
knocked  with  a  hammer  the  scale  is  all  easily  detached  from  the 
metal  and  falls  out.  If  however  the  water  is  allowed  to  flow 
through  the  tuyere  in  a  good  stream,  so  that  the  water  is  always 
oool,  bnt  little  sediment  is  deposited,  as  it  is  only  boiling  water 
that  causes  much  scale.  In  the  ordinary  wrought  iron  tuyere  on 
the  other  hand  it  is  usual  to  keep  the  water  as  hot  as  possible, 
because  it  is  found  that  the  tuyere  then  "  irons "  less,  although 
there  is  more  deposit  of  sediment  in  consequence.  But  as  the 
gunmetal  tuyere  never  "  irons,"  the  colder  the  water  is  kept,  the 
better  ;  and  in  practice  the  water  running  away  from  the  gunmetal 
tuyere  is  only  slightly  warmed. 

On  putting  a  new  hearth  and  boshes  into  a  ^rnace  where  the 
gunmetal  tuyeres  are  used,  the  tuyere  openings  may  be  built 
smaller  than  is  usual,  because  a  large  hole  is  not  required  to  be 
made  around  the  tuyere  for  getting  it  out,  as  is  requisite  with  the 
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ordinary  wrouglit  iron  tuyeres.    This  affords  additional  substance 
and  strength  to  the  ftimace  hearth. 

Amongst  the  advantages  of  the  gunmetal  tuyeres  are  the  saving 
of  labour  and  the  comfort  to  the  fumacemen,  especially  in  hot 
casting  houses,  where  the  labour  of  changing  a  tuyere  that  has 
"  ironed  "  is  very  severe  and  exhausting,  on  account  of  the  quantity 
of  hard-set  material  that  impedes  its  being  taken  out.  On  accoxmt 
of  the  saving  of  time  in  tuyering,  the  length  of  time  that  the  blast 
is  off  the  furnace  at  casting  time  is  shortened  half  an  hour,  both 
nighfc  and  morning,  as  compared  with  the  ordinary  wrought  iron 
tuyeres  ;  and  when  it  is  borne  in  mind  that  the  operation  of  casting 
is  repeated  more  than  600  times  in  a  year,  it  is  obvious  that  this 
saving  must  amount  to  a  considerable  gain  in  the  make  of  iron 
during  the  year. 

The  gunmetal  tuyere  is  readily  changed  in  a  quarter  of  an  hour, 
instead  of  requiring  three  quarters  of  an  hour  as  in  the  case  of  the 
ordinary  wrought  iron  tuyeres  ;  and  it  only  requires  to  be  changed 
when  the  tuyere  sides  work  hot,  which,  if  the  supply  of  water  is 
duly  kept  up,  can  only  occur  from  accumulation  of  sediment  inside 
the  tuyere.  A{  the  writer's  fiimaces  at  Willenhall  the  same 
gunmetal  tuyere  has  at  times  continued  at  work  for  three  entire 
months  without  once  changing;  nor  have  any  of  the  gnnmeial 
tuyeres  been  injured  or  met  with  any  accident  since  they  were  first 
put  to  work  there  nearly  ten  months  ago. 

In  consequence  of  the  size  of  aperture  of  the  gunmetal  tuyere 
remaining  unchanged  during  working,  instead  of  becoming  gradually 
diminished  by  the  accumulation  of  iron  on  the  nose,  as  in  the 
wrought  iron  tuyere,  the  blast  enters  the  furnace  freely,  and  the 
size  of  the  nozzle  pipes  B  has  accordingly  been  reduced  with  the 
gunmetal  tuyeres  :  this  has  also  been  found  necessary  at  the 
Farkfield  Furnaces,  near  Wolverhampton,  and  other  ftimaces  where 
the  gunmetal  tuyeres  are  in  use.  This  is  advantageous  as  producing 
regularity  in  the  supply  of  blast  entering  the  furnace.  There  is 
also  an  important  saving  in  fuel  and  wages  with  the  gunmetal 
tuyeres. 
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The  above  advantages  are  found  to  be  obtained  from  the  gtininetal 

tuyeres,  when  they  are  carei^y  used ;  at  the  same  time,  Uke  aU 

impTOvements,  they  require  some  little  care  and  attention  at  first  to 

ensure  their  success,  especially  on  the  part  of  furnace  managers.   It 

is  necessary  to  see  that  the  water  is  kept  on  by  night  as  constantly 

as  by  day ;  and  that  the  tuyeres  receive  fair  play  in  every  respect 

firom  the  workmen.   An  alarm  whistle  may  be  attached  to  the  supply 

water  pipe  of  the  tuyere,  to  be  acted  on  by  the  blast  and  give 

immediate  warning  in  case  of  the  water  supply  ever  £suling.     There 

is  generally  a  prejudice  in  the  minds  of  furnacemen  against  any 

novelty,  and    the   blacksmiths    especially    connected    with  blast 

furnaces  may  naturally  be  expected  not  to  be  favourably  disposed 

towards  what  they  regard  as  depriving  them  of  a  great  part  of  their 

employment.     When  this  prejudice  however  is  once  overcome,  the 

furnacemen  themselves  have  been  found  to  be  foremost  in  recognising 

the  advantages  and  saving  of  the  gunmetal  tuyeres. 

In  Fig.  7,  Plate  73,  is  shown  a  longitudinal  section  of  an 
improved  gunmetal  tuyere  having  the  inside  made  paraUel  or 
cylindrical  for  a  distance  of  4s  inches  from  the  nose  end,  so  that  the 
tuyere  itself  forms  the  blast  nozzle  of  2|  inches  diameter,  while  the 
end  of  the  blast  pipe  B  of  4  inches  diameter  is  inserted  into  the  taper 
part  of  the  tuyere  as  &r  as  it  will  go,  and  rammed  up  tightly  with 
fireclay  stopping.  This  form  of  tuyere  is  considered  by  the  writer 
to  be  a  great  improvement  on  the  form  originally  adopted  for  the 
gunmetal  tuyeres,  beoause  the  effect  of  the  cylindrical  nozzle  is  that 
the  blast  is  projected  with  more  force  straight  into  the  fiimace,  and 
to  a  greater  distance  than  from  a  nozzle  pipe  which  tapers  to  the 
end ;  for  a  tapering  nozzle  fiskvours  the  divergence  of  the  blast,  and 
too  much  taper  is  especially  injurious,  by  causing  the  destruction  of 
the  brickwork  round  the  tuyere  inside  the  ftimace.  The  inside 
of  the  parallel  nozzle  is  cast  large  enough  to  be  bored  out  so  as  to 
ensure  its  being  perfectly  cylindrical.  In  case  of  requiring  to  blow 
with  a  larger  nozzle,  say  4  inches  diameter  instead  of  2|  inches,  the 
tuyere  itself  must  be  made  exactly  to  that  extent  of  Ij-  inch  larger 
in  diameter  at  both  ends ;  or  if  a  smaller  nozzle  is  wanted,  of  only 
2  or  2}  inches  diameter,  the  tuyere  must  be  diminished  in  the  same 
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way  at  both  ends  :  this  will  ensnre  the  proper  taper  of  the  back  end 
of  the  tuyere,  and  the  right  position  of  the  blast  pipe,  and  no  other 
alteration  will  be  required  in  the  shape  or  size  of  the  tuyere. 


Mr.  SoLLT  exhibited  specimens  of  the  gunmetal  tuyeres,  one  of 
which  had  been  nine  months  at  work,  and  still  did  not  show  any 
signs  of  injury ;  and  he  explained  that  they  had  only  been  removed 
from  the  blast  furnace  for  the  purpose  of  being  exhibited  to  the 
meeting.  He  showed  also  one  of  the  ordinary  wrought  iron  tuyeres, 
which  had  had  to  be  taken  out  after  only  three  days'  work,  in 
consequence  of  having  ironed  very  badly  at  the  nose.  At  his  own 
works  he  had  never  had  a  single  gunmetal  tuyere  injured  since  they 
were  first  put  to  work  about  ten  months  ago  ;  and  he  beUeved  that 
had  also  been  the  experience  at  all  other  furnaces  where  the  gunmetal 
tuyeres  were  in  use,  provided  they  were  worked  entirely  with  "  mine." 
But  at  one  furnace  worked  with  cinder,  a  scaffolding  had  taken  place 
in  the  furnace,  so  that  the  charge  had  stuck  fast  and  accumulated  at 
a  certain  height  above  the  tuyeres ;  and  when  a  sudden  drop  of  the 
material  took  place,  it  had  cut  into  the  tuyeres,  and  it  had  been 
necessary  to  have  the  tuyeres  taken  out  and  recast.  The  accident 
was  owing  to  the  boshes  of  the  furnace  not  being  in  good  order  and 
not  being  sufficiently  inclined. 

The  Chairman  enquired  what  was  the  cost  of  the  gunmetal 
tuyeres,  as  compared  with  the  ordinary  wrought  iron  tuyeres. 

Mr.  SoLLT  replied  that  the  gunmetal  tuyeres  cost  between  £^  and 
£7  each,  according  to  the  size  of  the  tuyeres  and  the  quality  and  cost 
of  the  gunmetal  employed,  the  expense  of  casting  the  tuyeres  being 
but  little  more  than  in  the  case  of  ordinary  brass  castings.  An 
ordinary  wrought  iron  tuyere  weighed  about  140  lbs.,  and  the  cost 
of  the  iron  was  about  10«.  per  cwt.,  while  the  labour  expended  upoa 
the  manufacture  amounted  to  2^d,  per  lb.,  so  that  the  entire  cost 
was  about  £2,  or  about  one-third  the  cost  of  the  gunmetal  tuyeres. 
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The  wrought  iron  tnyere  however  was  speedily  destroyed  by  the 
ironing  in  the  blast  furnace ;  while  the  gnnmetal  tuyeres  were  not 
only  very  durable,  but  whenever  they  had  to  be  replaced,  could  be 
recast  with  scarcely  any  loss  of  metal.  It  must  ^rther  be  borne  in 
mind  that  the  cost  of  the  tuyeres  themselves  was  of  very  little 
consequence  in  comparison  with  the  waste  of  material  in  the 
furnace  and  the  consequent  loss  of  make  of  iron  from  the  furnace 
having  to  be  kept  standing  with  the  blast  off,  whenever  the 
ordinary  wrought  iron  tuyeres  required  attention;  and  in  this 
respect  the  use  of  the  gunmetal  tuyeres  effected  a  saving  which  far 
outweighed  their  extra  cost. 

The  Ghaibman  enquired  what  was  the  average  length  of  time 
that  an  ordinary  wrought  iron  tuyere  was  found  to  hst. 

Mr.  Solly  replied  that  it  was  impossible  to  name  any  particular 
time  for  the  duration  of  a  wrought  iron  tuyere,  as  it  was  altogether 
a  matter  of  chance  how  long  it  would  work.  The  wrought  iron 
tuyere  now  exhibited  had  worked  only  three  days  after  being  first 
put  in  new ;  and  the  longest  time  that  he  had  known  one  last  was 
not  more  than  three  or  four  months,  during  which  the  tuyere  had 
required  frequently  taking  out  for  repairs,  and  it  had  become  at 
length  so  much  shortened  by  continually  cutting  off  the  extremity  of 
the  nose  that  it  could  no  longer  be  made  use  of.  The  specimens 
that  were  exhibited  of  the  gnnmetal  tuyeres  on  the  other  hand,  one 
of  which  had  been  in  constant  work  for  nine  months,  showed  at 
present  no  signs  whatever  of  even  becoming  worn. 

Mr.  Addenbbookb  said  he  had  made  a  trial  of  one  of  the 
gunmetal  tuyeres,  and  found  that  it  lasted  without  giving  the 
slightest  trouble  during  the  time  that  a  large  number  of  wrought 
iron  tuyeres  blowing  the  same  furnace  had  to  be  successively 
replaced ;  and  he  had  been  so  completely  satisfied  with  the  results 
of  the  trial  that  he  had  adopted  the  gonmetal  tuyeres  for  both  the 
fbmaoes  at  his  works,  and  had  entirely  abandoned  the  wrought 
iron  tuyeres.  With  regard  to  the  extra  cost  of  the  gnnmetal  tuyeres 
in  the  first  instance,  he  was  convinced  that  it  was  far  more  than 
compensated  for  by  the  important  practical  advantages  attending 
their  use. 
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The   Ghaibman  enquired  how  many  of  the  gonmetal  tuyeres 
were  abeadj  at  work. 

Mr.  Solly  replied  that  he  had  had  the  gunmetal  tuyeres  in 
regular  work  at  his  own  furnaces  for  nine  months  past,  hut  they  had  ^ 

only  been  introduced  elsewhere  for  about  six  months ;  and  there  1 

were  now  about  a  dozen  furnaces  at  other  works  blown  entirely  by 
the  gunmetal  tuyeres.  ^ 

The  Chaibmak  moved  a  vote  of  thanks  to  Mr.  Solly  for  hiB 
paper,  which  was  passed. 


The  Meeting  then  terminated. 
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PROCEEDINGS 


25   jAKUABTy   1866. 


The  NiNBTBBNTH  Annivbrsart  Meeting  of  the  Members  was 
held  in  the  Lecture  Theatre  of  the  Midland  Institute,  Birmingham, 
on  Thursday,  25th  January,  1866 ;  Robert  Napier,  Esq.,  President, 
in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
confirmed. 

The  Secretary  then  read  the  following 

ANNUAL  REPORT  OF  THE  COUNCIL. 

1866, 

The  Council  have  great  pleasure,  on  the  occasion  of  the 
Nineteenth  Anniyersary  of  the  Institution,  in  congratulating  the 
Members  upon  the  very  satisfactory  position  and  the  'continued 
progress  of  the  Institution. 

The  Financial  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  31st  December  1865  shows  a  balance  in  the  Treasurer's 
hands  of  £3474  3«.  lOd,  afler  the  payment  of  the  accounts  due  to 
that  date.  The  Finance  Committee  have  examined  and  checked 
the  receipts  and  payments  of  the  Institution  for  the  last  year  1865, 
and  report  that  the  following  Balance  Sheet  rendered  by  the 
Treasurer  is  correct.     (^See  Balance  Sheet  appended,) 

The  Council  report  with  great  satis&ction  the  large  increase  in 
the  number  of  Members  that  has  taken  place  during  the  last  year ; 
the  total  number  of  Members  of  all  classes  for  the  year  being  652, 
of  whom  15  are  Life  Members,  36  are  Honorary  Members,  and  8  are 
Grraduates,  being  an  effective  increase  of  80  during  the  year. 

D 
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The  following  deceases  of  Members  of  the  InsidtntioiL  liaye 

occnrred  during  the  last  year  1865  :— 

Hekbt  Peet, Wolverton. 

William  Esld  Whtteheaj)«        .        .  Faragoaj. 

Nicholas  Wood, Hetion. 

The  Council  have  the  pleasure  of  acknowledging  the  following 
Donations  to  the  Library  of  the  Institution  during  the  past  year  ; 
and  also  of  expressing  their  thanks  to  the  Donors  for  the  yaluable 
and  acceptable  additions  they  have  presented.  The  Council  wish 
to  urge  on  the  attention  of  the  Members  the  important  advantage 
of  obtaining  a  good  collection  of  Engineering  Books,  Drawings,  and 
Models  or  Specimens  of  interest  in  the  Institution,  for  the  purpose 
of  reference  by  the  Members  personally  or  by  correspondence ;  and 
they  trust  this  desirable  object  will  be  promoted  by  the  Members 
generally,  so  that  by  their  united  aid  it  may  be  efficiently 
accomplished.  Members  are  requested  to  present  copies  of  their 
Works  to  the  Library  of  the  Institution. 

LIST  OF  DONATIONS  TO  THE  LIBRARY. 

Smithsonian  Meteorological  ObservationB  from  1854  to  1859 ;  from  the  Smithaoxiiaii 

Institution,  Washington. 
Annnal  Report  of  the  Smithsonian  Institution  for  1863 ;  from  the  Institution. 
Statistics  of  the  Foreign  and  Domestic  Commerce  of  the  United  States  for  1864 ; 

from  the  Smithsonian  Institution. 
The  Iron  Trade  of  Garinthia,  by  Joseph  de  Rosthom ;  from  the  author. 
Catalogue  of  Swedish  Iron  Marks ;  from  Mr.  Christer  P.  Sandbox^. 
Mauritius  Inundation  Papers ;  from  Mr.  James  R.  Mosse. 

The  Main  Draiuage  of  London,  by  Joseph  W.  Bazalgette ;  from  Mr.  John  Qrant. 
On  Iron  Ship  Building,  by  William  Fairbaim ;  from  the  author. 
Handbook  of  the  Steam  Engine,  by  John  Bourne ;  from  the  publisher. 
The  Wear  and  Tear  of  Steam  Boilers,  by  Frederick  A.  Paget;  from  the  author. 
The  Action  of  Propellers,  by  W.  J.  Macquom  Rankine  j  from  the  author. 
The  Bevelling  of  Iron  Frames  in  Shipbuilding,  ditto  ditto. 

Rational  Approximations  to  the  Circle,  ditto  ditto. 

The  Second  Law  of  Thermodynamics,  ditto  ditto. 

Collection  of  Drawings  of  the  Eoole  Imp^riale  des  Fonts  et  Chanas^,  'Paris ; 

from  the  Ecole. 
Proceedings  of  the  Institution  of  Civil  Engineers ;  from  the  Institution. 
Proceedings  of  the  French  Institution  of  Civil  Engineers  j  from  the  Institation. 
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Bepoit  of  the  BriUsh  Association  for  the  Advancement  of  Science ;  from  the 

Association. 
Transactions  of  the  Society  of  Engineers  ;  from  the  Society. 
rFransactions  of  the  Institntion  of  Engineers  in  Scotland ;  from  the  Institntion. 
Proceedings  of  the  South  Wales  Institute  of  Engineers ;  from  the  Institute. 
Journal  of  the  Architect  and  Engineers'  Society  for  the  kingdom  of  Hannoyer ; 

from  the  Society. 
Journal  of  the  Boyal  United  Service  Institution ;  from  the  Institution. 
Proceedings  of  the  Boyal  Institution  of  Great  Britain ;  from  the  Institution. 
Beport  of  the  Boyal  Cornwall  Polytechnic  Society ;  from  the  Society. 
Beport  of  the  Midland  Steam  Boiler  Association ;  from  Mr.  Edward  B.  Marten. 
United  States  Patent  Office  Beport ;  from  the  Commissioners. 
Journal  of  the  Board  of  Arts  and  Mianufaotures  for  Upper  Canada ;  from  the 

Board. 
Journal  of  the  Society  of  Arts ;  from  the  Society. 
The  Eng^eer ;  from  the  Editor. 
The  Meohanias*  Magazine ;  from  the  Editor. 
The  Civil  Engineer  and  Architect's  Journal  $  from  the  Editor. 
The  London  Journal  of  Arts ;  from  the  Editor. 
The  Artizan  Journal ;  from  the  Editor. 
The  Practical  Mechanic's  Journal ;  from  the  Editor. 
The  Mining  Jonmskl ;  from  the  Editor. 
The  Bailway  Becord ;  from  the  Editor. 
The  Steam  Shipping  Journal  i  from  the  Editor. 

Specimen  of  Blenkinsop  Back  Bail  and  Chairs ;  from  Mr.  Alexander  Allan. 
Spedmens  of  improved  Safety  Valve  for  Steam  Boilers  j  ftom  Mr.  William 

Naylor. 
Specimens  of  Qunmetal  and  Wrought  Iron  Tuyeres ;  from  Mr.  N.  Neal  SoUy  and 

Mr.  Thomas  Holoroft. 
Bust  of  the  President,  Bobert  Kapier,  Esq. ;  presented  by  Mr.  Napier. 

The  Council  liaye  great  satisfaction  in  referring  to  th.e  number 
and  character  of  the  Papers  that  have  been  brought  before  the 
meetings  during  the  past  year,  and  the  practical  value  and  interest 
of  the  communications  and  the  discussions  that  took  place  upon 
them,  which  form  a  valuable  addition  to  the  Proceedings  of  the 
Institution.  The  Council  request  the  special  attention  of  the  Members 
to  the  importance  of  their  aid  and  co-operation  in  carrying  out  the 
objects  of  the  Institution  and  maintaining  its  advanced  position,  by 
contributing  papers  on  Engineering  subjects  that  have  come  under 
their  observation,  and  communicating  the  particulars  and  resiflts  of 
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executed  works  and  practical  experiments  tliat  may  be  serviceable 

and  interesting  to  the  Members ;  and  tbey  invite  commtinications 

npon  tbe  subjects  in  tbe  list  appended  and  other  subjects  advantageous 

to  the  Institution. 

The  following  Papers  have  been  read  at  the  Meetings  during  the 

last  year: — 

On  the  relatiTe  advantages  of  the  Inch  and  the  Metre  u  the  Standazd  Unit  of 

Deoimal  Meaflnre ;  by  Mr.  John  Femie,  of  Leeds. 
On  the  application  of  Steam  Power  to  Cnltivation;  by  the  late  Mr.  John  Fowler, 

and  Mr.  David  Greig,  of  Leeds. 
Description  of  a  High-Speed  Compressed- Air  Hammer,  for  Planishing,  Stampings 

Forging,  Ac. ;  by  Mr.  William  D.  Gh-imshaw,  of  Birmingham. 
On  Machinery  employed  in  the  Preparation  and  Spinning  of  Flax;  by  Mr. 

Thomas  Greenwood,  of  Leeds. 
Description  of  a  Portable  Steam  Bivetter ;  by  Mr.  Andrew  WylCe,  of  Liverpocrf. 
On  the  Mannfaotnre  of  Compressed  Peat  Fael ;  by  Mr.  Charles  Hodgson,  of 

Portarlington. 
Description  of  the  Bank-Note  Printing  Machine  at  the  Bank  of  Ireland  s  by  Mr. 

Thomas  Gmbb,  of  Dnblin. 
Description  of  a  Bock  Boring  Machine ;  by  Mr.  George  Low,  of  Dnblin. 
On  the  new  Dublin  Corporation  Water  Works  for  the  supply  of  Water  from  tJie 

Biver  Vartry;  by  Mr.  Parke  Neville,  of  Doblin. 
On  an  improved  Safety  Valve  for  Steam  Engine  Boilers;  by  Mr.  William  Nayknr, 

of  London* 
On  an  improved  method  of  Taking  Off  the  Waste  Gas  from  Open-Topped  Blast 

Fnmaoes ;  by  Mr.  George  Addenbrooke,  of  Darlaston. 
Description  of  a  Gonmetal  Tuyere  for  Blast  Furnaces ;  by  Mr.  N.  Heal  Solly,  of 

WillenhalL 

« 

The  Council  have  particular  pleasure  in  referring  to  the  great 
success  and  interest  of  the  Annual  Meeting  of  the  Institution  that 
was  held  in  Dublin  last  summer  during  the  time  of  the  Dublin 
International  Exhibition,  and  in  expressing  their  special  thanks  to 
the  Local  Committee,  the  authorities  of  the  University  of  Dublin, 
and  the  Honorary  Local  Secretaries,  Dr.  Downing  and  Mr.  G. 
Arthur  Waller,  for  their  excellent  arrangements  and  the  veiy 
handsome  reception  that  was  giv^en  to  the  Members  of  the  Institution 
on  that  occasion ;  and  also  their  thanks  to  the  railway  authorities 
for  the  special  arrangements  granted  for  the  excursions.      The 
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Council  refer  particularly  to  the  great  advantage  afforded  to  the 
Members  in  the  admirable  opportmiity  provided  them  for  yisiting 
the  important  works  of  the  Dublin  Corporation  Water  Works,  the 
Peat  Works,  Copper  Works,  and  Lead  Works ;  and  they  offer  their 
acknowledgments  to  the  authorities  of  the  seyeral  works  for  the 
great  fiunlities  afforded  to  the  Members  for  seeing  the  works  and 
the  handsome  reception  given  to  them  on  the  occasion.  The 
Council  look  forwards  with  confidence  to  the  important  advantages 
arising  from  the  continuance  of  these  Annual  Meetings  in  different 
parts  of  the  country,  from  the  faciUties  afforded  by  them  for  the 
personal  communication  of  the  Members  in  different  districts,  and 
firom  the  opportunities  of  visiting  the  important  Engineering  Works 
that  are  so  liberally  thrown  open  to  their  inspection  on  those 
occasions. 

The  Council  have  had  under  consideration  for  some  time  the 
following  modifications  in  the  Rules  respecting  the  qualification 
and  titles  of  Members  and  the  Meetings  of  the  Institution  &c.,  and 
now  recommend  them  for  adoption : — 

That  instead  of  the  age  for  the  admission  of  both  Graduates  and 
Members  being  the  same,  namely  21  years,  the  age  for  the  admission 
of  Gh^uates  be  3  years  earlier  or  18  years,  and  that  for  Members 
be  3  years  later  or  24  years. 

That  instead  of  the  title  of  Honorary  Members  now  applied  to 
subscribing  honorary  members,  the  title  of  Associates  be  adopted ; 
and  that  the  title  of  Honorary  Members  be  restricted  to  cases  of  free 
membership  specially  presented  by  the  Council. 

That  all  communications  to  the  Meetings  are  to  be  the  property 
of  the  Institution,  and  to  be  published  only  by  the  authority  of  the 
Council. 

That  the  four  General  Meetings  of  the  Institution  in  each  year 
be  86  follows : — three  to  be  in  Birmingham,  on  the  fourth  Thursday 
in  the  months  of  January,  April,  and  October ;  and  the  fourth  to  be 
the  A-nmuLl  Meeting  held  in  the  summer  in  different  localities  to  be 
arranged  by  the  Council ;  the  January  Meeting  to  be  the  Anniversary 
Heeting  for  the  annual  election  of  officers. 


SUBJECTS  FOR  PAPERS. 


The  President,  Vice-Presidents,  and  five  of  the  Members  of  the 
Conncil  in  rotation,  go  ont  of  oflBce  this  day,  according  to  the  rules 
of  the  Institution ;  and  the  ballot  will  be  taken  at  the  present 
Meeting  for  the  election  of  the  Officers  and  Council  for  the  ensuing 
year. 


SUBJECTS  FOR  PAPERS. 


Bteah  Engine  Boilers,  particolars  of  constniction — ^form  and  extent  of  heating 
snrfaoe— relative  yaJne  of  radiant  Bnrface  and  fine  snrfaoe  in  effect  and 
economy — cost — oonsnmption  of  fuel — evaporation  of  water — ^pressoie  of 
steam — dengity  and  heat  of  steam — superheated  steam,  simple  or  nuxed  with 
common  steam — ^pressure  gauges — safety  valves — water  gauges— explosion 
of  boilers,  and  means  of  prevention — effects  of  heat  on  the  metal  of  boilen, 
low  pressure  and  high  pressure — steel  boilers — cast  iron  boilers — ^welded 
boilers — ^incrustation  of  boilers,  and  means  of  prevention — oorroBioa  of 
boilers,  and  means  of  prevention — effects  of  surface  condensers  on  the 
metcJ  of  boilers — evaporative  power  and  economy  of  different  kinds  of 
fnel,  coal,  wood,  charcoal,  peat,  patent  coal,  and  coke — ^moveable  grates, 
and  smoke-consaming  apparatus,  facts  to  show  the  best  plan,  and  results 
of  working — ^plans  for  heating  feed  water — mode  of  feeding — ^nse  of 
injector — circulation  of  water. 

Stiam  Engines — expansive  force  of  steam,  and  best  means  of  using  it— power 
obtained  by  various  plans — comparison  of  double  and  single  cylinder 
engines — combined  engines — compound  cylinder  engines— oomparatiTe 
advantages  of  direct-acting  and  beam  engines— engines  for  manufacturing 
purposes — ^horizontcJ  and  vertical — condensing  and  non-condensing^ 
injection  and  surface  condensers — ^air  pumps — governors — valves — bearingB, 
&o. — ^improved  expansion  g^ear — ^indicator  diagrams  from  engines,  with 
details  of  useM  effect,  consumption  of  fuel,  &c, — contributions  of  indicator 
diagrams  for  reference  in  the  Institution. 

FuuFiNo  Engines,  particulars  of  various  constructionB — Cornish  engines,  beam 
engines  with  crank  and  flywheel,  direct-acting  engines  with  and  without 
flywheel — size  of  steam  cylinder  and  degree  of  expansion — ^number  and  size 
of  pumps,  and  strokes  per  minute — speed  of  piston — ^pressure  upon  pump— 
effective  horse  power  and  duty — comparison  of  double-acting  and  single-actiiig 
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pumping  engines — oonstmotion  of  pumps — ^plnnger  pnmps — backet  pnmps 
— particular  details  of  different  yalyes — india-rubber  valves,  durability  and 
results  of  working — diagrams  of  lift  of  vxilves — application  of  pnmps — fen- 
draining  engines — comparative  advantages  of  scoop  wheels  and  centrifogal 
pomps,  lifting  trough,  &o. — details  of  pit  work  of  pumping  engines  at  mines. 

Blast  Engines,  best  kind  of  engine — size  of  steam  cylinder,  strokes  per  minute, 
and  horse  power — details  of  boilers — size  of  blowing  cylinder,  and  strokes  per 
minute — ^pressure  of  blast,  and  means  of  regulation — construction  of  valves 
— improvements  in  blast  cylinders — ^rotary  blowing  machines — indicator 
diagrams  from  air  main  and  steam  cylinder. 

Ua&inb  Engines,  power  of  engines  in  proportion  to  tonnage — different  con- 
structions of  engines,  double  cylinder  engines,  trunk  engines — use  of  steam 
jackets— dynamical  effect  compared  with  indicator  diagrams — comparative 
economy  and  durability  of  different  boilers,  tubular  boilers,  flat-flue  boilers, 
Ac. — brine  pumps,  and  means  of  preventing  deposit — salinometers — weight 
iof  machinery  and  boilers — kind  of  paddle  wheels — speed  obtained  in  British 
war  steamers,  in  British  merchant  steamers,  and  in  Foreign  ditto,  with 
particulars  of  the  construction  of  engines  with  paddle  wheels,  &o. — screw 
propellers,  particulars  of  different  kinds,  improvements  in  form  and  position, 
number  of  arms,  material,  means  for  unshipping,  bearings,  horse  power 
applied,  speed  obtained,  section  of  vessel — governors  and  storm  governors. 

BoTAET  Engines,  particulars  of  construction  and  practical  application — details 
of  results  of  working. 

Locomotive  BSnoines,  particulars  of  construction,  details  of  experiments,  and 
results  of  working — consumption  of  fuel — relative  value  and  evaporative 
duty  of  ooke  and  coal — consumption  of  smoke — ^use  of  wood  and  construc- 
tion of  spark  arresters — heating  surface,  length  and  diameter  of  tubes — 
material  of  tubes— experiments  on  size  of  tubes  and  blast  pipe — construction 
of  pistons,  valve  gear,  expansion  gear,  &o. — indicator  diagrams — expenses 
of  working  and  repairs — means  of  supplying  water  to  tenders — ^locomotives 
for  steep  g^radients  and  sharp  curves— ^stribution  of  weight  on  wheels. 

Ageicultukal  Engines,  details  of  construction  and  results  of  working — duty 
obtained — application  of  machinery  and  steam  power  to  agricultural 
purposes — bam  machineiy — ^fleld  implements — traction  engines,  particulars 
of  performance  and  cost  of  work  done. 

Caloeic  Engines — engines  worked  by  gas,  or  explosive  compounds— ^electro- 
magnetic engines — ^particulars  and  results. 

Htdeaulic  Engines,  particulars  of  application  and  working — pressure  of 
water — construction  and  arrangement  of  valves,  relief  valves — construction 
of  joints — ^hydraulic  rams. 

Watee  Wheels,  particulars  of  construction  and  dimensions — form  and  depth  of 
buckets — head  of  water,  velocity,  percentage  of  power  obtained — turbines, 
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oonstrnction  and  practical  application,  power  obtained,  oomparaitiTO  effect 

and  economy. 
WiHD  Mills,  particnlors  of  oonstniction — ^nnrnber  of  sails,  snifaoe  and  form 

of  sails — ^velocity,  and  power  obtained — ayerage  nunber  of  daji^  work  per 

annum. 
OoiLN  Mills,  particalars  of  improyements — ^power  employed — application  of 

steam  power — ^results  of  working  with   an  air  blast  and  ring  stones — 

crashing  by  rolls  before  grinding — advantages  of  regularity  of  motkm. 
SuGAS  Mills,  particulars  of  construction  and  woridng — results  of  i^yplicatkm 

of  the  hydraulic  press  in  place  of  rolls — application  of  steam  and  water 

for  extracting  the  last  portion  of  saccharine  niatt6i>— oonstrnction  and 

working  of  evaporating  pans. 
Oil  Mills,  facts  relating  to  construction  and  working,  by  stampers,  by  screw 

presses,  and  by  hydraulic  presses — particulars  of  crushing  rollers  and  edge 

stones. 
Cotton  Mills,  information  respecting  the  construction  and  arrangement  of  the 

machinery — ^power  emplc^ed,  and  application  of  power — cotton  prcoaoa, 

mode  of  construction  and  working,  power  employed — ^improvementB  in 

spinning,  carding,  and  winding  machinery,  Ac. 
Calico-Pkintino  and  Blbachino  Machinikt,  particulars  of  improvements. 
Wool  MACHiNsaT,  carding,  combing,  roving,  spinning,  Ac. 
Flax  MACHiNEaT,  manufaicture  of  flax,  china  grass,  and  other  fibrous  materialSa 

both  in  the  natural  length  of  staple  and  when  cut. 
Bope-Hakinq    Machinsbt — hemp    and    wire    ropes,    comparative    strength, 

durability,  and  cost — steel  wire  ropes. 
Saw  Mills,  particulars  of  construction — mode  of  driving — ^power  employed — 

particulars  of  work  done — ^best  speeds  for  vertical  and  circular  saws — form 

of  saw  teeth — saw  mills  for  cutting  ship  timbers — veneer  saws — endlesa 

band  saws. 
WooD-WoRKiNO    Machines,   morticing,   planing,   rounding,    and   snr&oing — 

copying  machinery. 
Glass    Machinest — ^manufacture  of  plate  and  sheet  glass— construction  of 

heating  furnaces,  annealing  kilns,  &c. — grinding  and  polishing  machinery. 
Lathes,  Planing,  Boring,  Drilling,  and  Slotting  Machines,  Ac,  particulara 

of  improvements — description  of  new  self-acting  tools — engineers'  tools — 

files  and  file-cutting  machinery. 
BoLLiNO  Mills,  improvements  in  machinery  for  making  iron  and  steel — ^mode 

of  applying   power — ^use   of  steam  hammers — spiling   of  iron — ^plates—* 

fancy  sections — arrangement  and  speed  of  rolls — ^length  of  bar  rolled — 

manufacture  of  rolled  girders — rolling  of  armour  plates — ^reversing  rolls. 
Steah    Hammers,    improvements   in   construction   and    application — i 

hammers — air  hammers. 
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BrrxTTiNO,  FuNOHma,  ahi>  Skxaeino  Machinxs,  worked  by  steam  or  hydranlio 
preflanre— direot-actmg  and  lever  maohines — portable  madhinee— compara- 
tive strength  of  drilled  and  pmiched  plates — trivet-making  maohineB. 

Stamping  and  Ooining  Machinkst,  partionlars  of  improvements,  &o. 

liOCKS^  and  look-making  machinery — iron  safes. 

Papks-Makino  and  Fapxr-Cttttino  Machines^  new  materials  and  results. 

Pbintino  Machines,  partionlars  of  improvements,  &o. — machines  for  printing 
firom  engraved  snrfaoes — type  composing  and  distributing  maohines. 

Watss  Puhpb,  facts  relating  to  the  best  oonstmction,  means  of  working,  and 
application — velodiy  of  piston — oonstmction,  lift,  and  area  of  valves. 

Aix  Pumps,  &ots  relating  to  the  best  oonstmction,  means  of  working,  and 
application — velocity  of  piston — oonstmction,  lift,  and  area  of  valves. 

Htdbaulic  Pbxsses,  facts  relating  to  the  best  oonstmction,  means  of  woiking, 
and  application — eoonomioal  limit  of  pressure.  • 

BoTAET  AND  Centiufuoal  Pumps,  ditto  ditto  ditto. 

FiEB  Enoinxs,  hand  and  steam,  ditto  ditto  ditto. 

Sluicbb  and  Sluice  Coceb,  worked  by  hand  or  hydraulic  power,  ditto. 

Cbanes,  steam  cranes,  hydranlio  cranes,  pneumatic  cranes,  travelling  cranes. 

liins  for  raising  railway  wagons — ^hoists  for  warehouses — safety  apparatus. 

Toothed  Wheels,  best  construction  and  form  of  teeth — results  of  working — 
power  transmitted — ^method  of  moulding — strength  of  iron  and  wood 
teeth. 

Deivino  Belts  and  St&aps,  best  make  and  material,  leather,  gutta  percha, 
vulcanised  india-rubber,  rope,  wire,  chain,  &o. — comparative  durability, 
and  results  of  working — ^power  communicated  by  certain  sizes — ^frictional 
gearing,  oonstmction  and  driving  power  obtained — friction  olutches — 
shafting  and  couplings. 

Dtnamometebs,  construction,  application,  and  results  of  working. 

Decimal  Meabueemsnt — application  of  decimal  system  of  measurement  to 
mechanical  engineering  work— drawing  and  construction  of  maohineiy, 
manu&ctnres,  Ac. — construction  of  measuring  instruments,  gauges,  &o. 

Stbxnoth  op  Materials,  facts  relating  to  experiments,  and  general  details  of 
the  proof  of  girders,  &o. — girders  of  oast  and  wrought  iron,  particulars 
of  different  constructions,  and  experiments  on  them — rolled  g^ers — ^best 
forms  and  proportions  of  g^ers  for  different  purposes — best  mixture  of 
metal — mixtures  of  wrought  iron  with  cast. 

PuftABiLiTT  OP  Timber  of  various  kinds — best  plans  for  seasoning  and  pre- 
serving timber  and  cordage — ^results  of  various  processes — comparative 
durability  of  timber  in  different  situations— experiments  on  actual  strength 
of  timber. 

G0BBO6ION  OP  Metals  by  salt  and  fresh  water,  and  by  the  atmosphere,  Ac. — 
facts  relating  to  oorrosion,  and  best  means  of  prevention — ^means  of  keeping 
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■hips'  bottoms  olean-— galyanio  aotion,  nature,  and  proFentiTes. 

JLllotb  ot  Mbtals,  fiAots  relating  to  diffiarent  alloys. 

FaicnoM  or  Various  Bodies,  facts  relating  to  friction  under  ordinaiy  ctfcam- 
stances — ^faots  on  increase  of  friction  by  rednotion  of  soifiuse  in  eontaot — 
friction  of  iron,  brass,  copper,  tin,  wood,  Ac. — proporticxL  of  weight  to 
rubbing  snrfkce — ^best  forms  of  journals,  and  constmction  of  ^^Tlajimraa — 
wood  beaiingB — ^water  azlebozes — ^Inbrioation,  best  materials,  means  of 
application,  and  results  of  praoticsl  trials — ^best  plans  for  oil  tests — ^friction, 
breaks. 

Ikon  Boors,  partioolsrs  of  oonstraction  for  different  purposes — dnrsbility  in 
Tarions  climates  and  situations — comparative  cost,  weight,  and  durability*^ 
roo£B  for  slips  of  cast  iron,  wronght  iron,  timber,  fto. — best  ooDstmotioii, 
form,  and  materials— details  of  laige  roofs,  and  cost. 

FiRB-PROor  BuiLDBiGS,  partioolars  of  constmction — ^most  efficient  plan  lecnlts 
of  trials. 

Chihnst  Stacks  of  large  size — ^partioolars,  form,  mode  of  building,  dheapest 
construction,  Ac. — ^foroe  of  draught,  and  temperatnre  of  omrent. 

Bricks,  mannfacture,  dnrability,  and  strengfth — ^hollow  bricks,  fire  brioks,  and 
fire  day — ^perforated  bricks,  cost  of  mannfiiotore,  and  adyaatages — dry  day 
bricks — ^machines  for  brick  making— bmning  of  brides. 

Oas  Works,  best  form,  sise,  and  material  for  retorts — oonstraction  of  retort 
ovens — quantity  and  quality  of  gas  from  different  coals— oil  gas,  cheapest 
mode  of  making — water  gas,  Ac. — improyements  in  purifiers,  Odndensers, 
and  gasholders — ^wet  and  dry  gas  meters— self.regulating  meters — ^pressure 
of  gas,  gas  exhauster^gas  pipes,  strength  and  durability,  and  oonstraction 
of  joints — ^proportionate  diameter  and  length  of  gas  mains,  and  yelocity 
of  the  passage  of  gas — experiments  on  ditto,  and  on  the  firiotion  of  gas 
in  mains,  and  loss  of  pressure. 

Watxr  Works,  facts  relating  to  water  works — application  of  povrer,  and 
economy  of  working — proportionate  diameter  and  length  of  pipes — experi- 
ments on  the  discharge  of  water  from  pipes,  and  friction  through  pipes — 
strength  and  durability  of  pipes,  and  construction  of  joints — ^penetratkm 
of  frost  in  different  climates — ^rdatiye  advantages  of  stand  pipes  and  air 
vessels — water  meters,  construction  and  working. 

Well  Sixkino,  and  Artesian  Wells,  facts  rdating  to — boring  tools, 
construction  and  mode  of  using. 

Tunnelling  Machines,  particulars  of  oonstraction,  and  results  of  woridng. 

ConER  Dahs  and  Piling,  facts  rdating  to  oonstraction— oast  iron  sheet  piling. 

Piers,  fixed  and  floating,  and  pontoons,  ditto  ditto. 

Pile  Driving  Apparatus,  i>articulars  of  improvements — ^use  of  steam  power — 
particulars  of  working-^weight  of  ram  and  height  of  &11,  total  number  of 
blows  required — ^vacuum  piles— compressed  adr  system— screw  fnles. 
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DuDOiMG  MACHUfM,  paitiOQlan  of  improTemeots-— appUoatioii  of  dredgmg 
maohijies— 'power  reqnired  and  work  done. 

Dimro  BvLLH  ▲nd  Dirmo  Dusssxs,  facts  relating  to  the  beet  oonstmotion. 

L10HTHOV8E8,  aa«t  iron  and  wrought  iron,  ditto  ditto. 

Ships,  iron  and  wood^-detaUs  of  oonstmction — lines,  tonnage,  cost  per  ton — 
water  bcdlast — steel  masts  and  yards,  and  wire  rope  rigging — comparative 
strength  and  adyantage  of  iron  and  wood  ships. 

Gums,  oast  iron,  wrought  iron,  and  steel — ^mazmfaotnre  ft&d  proof—rifling — 
mannfaotnre  of  shot  and  shells. 

MnriNo  Opsbatioks,  fiurts  relating  to  minings— modes  of  working  and  propor- 
tionate yield — coal  catting  machines — ^means  of  ventilating  mines — ^nse  of 
Tentilating  maoliineiy — ^safety  lamps — lighting  mines  by  gas —  ainage  of 
mines — sinking  pits — ^mode  of  raising  materials — safety  gaides -^winding 
machinezy — ^ondergroond  oonyeyance— stone  breaking  machines — ^mode  of 
breaking,  pnlyerising,  and  sifting  varions  descriptions  of  ores. 

Blaotiko,  facts  relating  to  blasting  imder  water,  and  blasting  generaUy — nse  of 
gm-cotton,  fto. — effects  prodnoed  by  large  and  small  charges  of  powder-^ 
arrangement  of  charges. 

Blast  Furnaces,  shape  and  size — consumption  of  fuel — ^borden,  make,  and 
quality  of  metal — pressore  of  blast — ^horse  power  reqnired — economy  of 
Working — mxprorements  in  mannfiiotnre  of  iron — comparative  results  of  hot 
and  oold  blast — ^increased  temperature  of  blast — construction  and  working 
of  hot  blast  ovens — ^pyrometers — oonstmction  of  tuyeres — ^means  and 
results  of  application  of  waste  gas  from  close-topped  and  open-topped 
fiomaoee — preparation  of  materials  for  fhmaoe  and  mode  of  charging. 

FuDDLOfo  FuiNACES,  best  forms  and  construction — ^worked  with  coal,  char- 
coal, Ac. — application  of  machineiy  to  puddling. 

HxATiNo  Furnaces,  best  construction — consumption  of  fuel,  and  heat  obtained. 

CoNVEETTNO  FusNACES,  construotion  of  furnaces— manufacture  of  steel — 
casebardening,  &o.— converting  materials  employed. 

Bmiths*  Foboes,  best  construction — size  and  material — power  of  blast — hot 
blast,  &c. — construction  of  tuyeres. 

Smitha^  Fans  and  Fans  generally,  best  construction,  form  of  blades,  &o. — ^facts 
relating  to  power  employed  and  percentage  of  effect  produced — ^pressure  and 
quantity  of  air  discharged — size  and  construction  of  air  mains — mechanical 
ventilation  and  warming  of  public  buildings. 

Coke  and  Chaecoal,  particulars  of  the  best  mode  of  making,  and  oonstmction 
of  ovens,  ^.^K>pen  coking,  mixtures  of  coal  slack  and  other  materials—' 
evaporative  power  of  different  varieties — ^peat,  manufacture  of  compressed 
peat. 
Railways,  construction  of  pennanent  way — section  of  rails,  and  mode  of 
manufJMstnre — ^mode   of  testing   rails— experiments    on   rails,  deflection, 
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deterioration,  and  oomparatiTe  durability— material  and  form  of  sleepen, 

sixe,  and  distanoea — ^xmproYements  in  ohairBf  ^bbjb,  and  joint  fiuteoingB — 

permanent  yn,j  for  hot  olimates. 
SwTTCHKS  AND  0BO88INO8,  jMurtioolars  of  improvements,  and  reenlts  of  working. 
TuBiTTABLXS,  partioolara  of  ▼ariooB  ooDstmotions  and  improrementa — engine 

tomtables. 
Signals  for  stations  and  trains,  and  self-aoting  signals. 
Elxctbio  TsLxeBAFHS,  improrements  in  oonstmotion  and  insolation— -coating 

of  wires — ^nndeigronnd  and  submarine  cables — ^mode  of  laying. 
Railwat  Ca&eiaqks  and  Wagons,  details  of  oonstmotion — proportion  of  dead 

weight. 
BsKAKS  for  carriages  and   wagons,   best   constraotion — self-acting  breaiks — 

oontinnous  breaks. 
Bunxas  for  carriages,  Ac.,  and  station  buffers — different  constmotiona  and 

materials. 
OouPLiNGS  for  carriages  and  wagons — safety  couplings. 
Spktngs  for  carriages,  ko. — bufBng,  bearing,  and  draw  springs — orange,  and 

deflection  per  ton — ^particulars  of  different  constmotions  and  materials,  and 

results  of  working. 
Bailwat  Wheels,  wrought  iron,  cast  iron,  and  wood — ^particulaza  of  diffisrent 

constructions,  and  results  of  working-— comparatiye  expense  and  durability 

— ^wrought  iron  and  steel  tyres,  comparative  economy  and  results  of  working 

— ^mode  of  fixing  tyres — ^manufacture  of  weldless  tyres,  and  solid  wrought 

iron  wheels. 
Railway  Axles,  beet  description,  form,  material,  and  mode  of  manufiusturoL 


The  Papers  are  to  be  written  in  the  third  person,  on  foolscap  paper,  on  one 
side  only  of  each  page,  leaving  a  clear  margin  of  an  inch  width  on  the  left  side. 
In  the  subjects  of  the  papers,  extracts  horn  printed  publications  and  questions  of 
patent  right  or  priority  of  invention  are  not  admissible. 

The  Diagrams  to  be  on  a  large  scale  and  strongly  coloured,  so  as  to  be 
clearly  visible  to  the  meeting  at  the  time  of  reading  the  paper.  Enlarged  detailB 
to  be  added  for  the  illustration  of  any  particular  portions,  drawn  full  size  or 
magnified,  with  the  different  parts  strongly  coloured  in  distinctive  odours. 
Several  explanatoiy  diagrams  drawn  roughly  to  a  large  scale  in  dark  pencil  lines 
and  strongly  coloured  are  preferable  to  a  few  small-scale  finished  drawinga. 
The  scale  of  each  diagram  to  be  marked  upon  it. 
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MEMOIRS 


OF  MEMBERS  DECEASED  IN   1865. 


Henbt  Peet  was  bom  at  Wigan  in  1813  ;  and  after  serving  his 
time  nnder  Messrs.  Thompson  and  Cole,  engineers  and  millwrights, 
at  Bolton,  he  had  charge  of  the  engine  station  of  the  London  and 
North  Western  BaOwaj  at  Preston,  nntil  his  appointment  in  1857 
as  locomotiye  superintendent  of  the  Lancaster  and  Carlisle  Bailwaj. 
Subsequently,  on  the  amalg^amation  of  this  line  with  the  London 
and  North  Western  Bailwaj  in  1862,  he  became  manager  of  the 
locomotiye  works  at  Wolyerton.  He  was  elected  a  Member  of  the 
Institution  in  1859,  and  died  at  Wolyerton  after  an  illness  of  six 
months  on  10th  February  1865,  in  the  fifbp'-third  year  of  his  age. 

WiLLUM  H.  Keld  Whttbhead  was  bom  in  London  in  1825 ;  and 
after  serving  his  apprenticeship  to  Messrs.  J.  and  A.  Blyth  of 
Limehouse,  he  was  for  some  years  the  editor  of  the  "  Artizan."  In 
1854  he  was  appointed  eugineer-in-chief  to  the  Ooyemment  of 
Paraguay,  and  continued  to  occupy  that  post  up  to  the  time  of  his 
death.  The  arsenal  at  Assumption,  the  capital  of  Paraguay,  was 
organised  by  him ;  and  with  the  assistance  of  a  staff  of  English 
workmen  and  English  tools  he  executed  many  other  important 
works,  and  kept  in  efficient  order  a  considerable  fleet  of  steam 
yessels.  His  services  were  highly  yalned  by  the  Groyemment  of 
Paraguay,  but  his  health  having  been  for  nearly  three  years  in  a 
weak  state,  the  additional  labour  and  anxiety  thrown  upon  him,  in 
consequence  of  the  war  between  Paraguay  and  Brazil,  proyed  too 
much  for  his  strength,  and  he  died  at  Assumption  on  the  ISth  July 
1865  at  the  age  of  forty.  He  was  elected  a  Member  of  the 
Institution  in  1852. 
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Nicholas  Wood,  of  Hetton  Hall  in  the  oonnty  of  Dnrhamf  was 
bom  on  24tli  April  1795,  at  Bjton,  Durham  ;  and  was  sent  by  Sir 
Thomas  Inddell  of  Rayensworth  to  the  Killingworth  CoUiery  to 
learn  the  profession  of  colliery  viewer.  Here  he  became  acquainted 
with  the  late  George  Stephenson,  and  was  associated  with  him  in 
his  inventions  and  experiments  in  connection  with  the  Safety  Lamp 
and  the  Locomotiye  Engine ;  and  although  he  continued  his  profes- 
sion  of  mining  engineer,  he  was'  abo  intimately  connected  with  the 
progress  of  the  locomotive  and  railways.  In  1822  he  entei^d  into  a 
discussion  of  the  superiority  of  locomotives  over  stationary  engines 
for  working  railroads  ;  and  in  1825  he  published  a  practical  treatise 
on  railroads,  giving  the  results  of  extensive  and  important  experi- 
ments on  the  subject.  In  1829  he  was  appointed  one  of  the  judges 
to  award  the  premium  offered  by  the  Liverpool  and  Manchester 
BaOway  for  the  best  locomotive  engine.  In  1845  he  was  engaged 
in  the  battle  of  the  gauges,  being  in  &vour  of  the  narrow  gauge ; 
and  he  was  also  connected  with  various  railways  as  engineer  and  as 
a  director.  Mr.  Wood  occupied  a  leading  position  in  his  profession 
of  mining  engineer,  and  held  many  important  appointments,  being 
the  mineral  adviser  to  the  Durham  Bishopric  Estates  and  to  Lord 
Bavensworth,  and  also  manager  of  the  Hetton  and  many  other 
collieries ;  and  he  was  frequently  consulted  on  mining  matters  by 
Qovemment.  During  the  latter  portion  of  his  life  he  confined  his 
attention  more  particularly  to  those  mining  affairs  in  which  he 
himself  held  so  large  an  interest.  He  was  elected  a  Member  of  this 
Institution  in  1858,  and  contributed  a  valuable  paper  on  the 
improvements  and  progress  in  the  working  and  ventilation  of  coal 
mines  in  the  Newcastle-on-Tyne  district  within  the  last  fifty  years. 
He  died  in  London  on  19th  December  1865  at  the  age  of  seventy. 
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ANNUAL  BLEOTION. 


The  Chairman  moved  that  the  Beport  of  the  Goniicil  be 
received  and  adopted,  which  was  passed. 

The  several  modificatioiis  in  the  BTiles  of  the  Instiktion, 
recommended  in  the  Beport  of  the  Gonncil,  were  then  moTod  bj 
the  Chairman,  and  were  passed. 

The  Ohaibman  annonnced  that  the  Ballot  lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following 
Officers  and  Members  of  Council  were  fonnd  to  be  duly  elected 
for  the  ensuing  year : — 


PRESIDENT. 


Joseph  Whitworth, 


Manchester. 


vice-presidents. 

Charles  F.  Beter,  . 
William  Clay, 
BoBERT  Hawthorn,   . 
Sampson  Llotd,     . 
Henrt  Maudslat, 
John  Bamsbottom, 


Manchester. 

Liverpool. 
Newcastle-on-Tyne. 

Wednesbuiy. 

London. 

Crewe. 


COUNCIL. 


John  Fernie,    . 
Sir  Charles  Fox, 
Edward  Humphrts,   . 
Walter  Mat, 
John  Bobinson, 


Leeds. 

London. 

London. 

Birmingham. 

Manchester. 


PAST-PRESIDENTS. 

Ex  officio  permcment  Members  of  OotmcU. 

Sir  William  G,  Armstrong,         .  Newcastle-on-Tyno- 

William  Fairbairn,  .  Manchester. 

James  Kennedy,    .        .        .        .  Liverpool. 

BoBERT  Napier,         .  Glasgow. 

John  Penn, London. 


ANNUAL  ELECTION. 
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COUNCIL. 

Members  of  Ooundl  remaining  in  office. 


John  Andebson, 
Fbedebick  J.  Bbamwell, 
Ghables  Cochrane,  . 
Edwabd  a.  Gowpeb, 
Geoboe  Habbison, 
Edwabd  Jones, 

W.   MONTOOMEBIE  NeILSON, 

C.  William  Siemens,    . 
Chablbs  p.  Stewabt, 
John  Vbbnon, 


Woolwich. 

London. 

Dudley. 

London. 

Birkenhead. 

Wednesbmy. 

Glasgow. 

London. 

Manchester. 

Liverpool. 


TBEASUBER. 

Henbt  Edmunds,  Birmingham. 

SECBETABT. 

Willum  p.  Mabshall,  Birmingham. 


The  following  New  Members  were  also  elected: — 


membe  BS  ■ 
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DESCRIPTION  OF  AN  IMPROVED 
CHRONOMETRIC  GOVERNOR  FOR  STEAM  ENGINES,  &c. 


B7  Mk.  G.  WILLIAM  SIEMENS,  of  London. 


The  Ghronometric  Governor  has  already  formed  the  subject  of  a 
paper  read  by  the  author  at  a  former  meeting  of  this  Institution  (see 
Proceedings  Inst.  M.  E.  1853  page  75).  It  consisted  in  its  original 
form  of  a  conical  pendulum,  freely  suspended  from  a  xmiversal  (ball 
and  socket)  joint  (see  Plate  17,  1853),  which  was  maintained  in 
motion  by  a  force  that  was  independent  of  the  engine,  although 
constantly  replenished  by  it ;  and  the  pendulum  was  therefore  at 
Hberty  to  rotate  with  a  uniform  velocity.  A  differential  motion 
between  the  conical  pendulum  and  the  engine  to  be  governed  was 
obtained  by  means  of  a  mechanical  arrangement,  whereby,  so  long 
as  the  engine  continued  to  rotate  with  precisely  the  same  velocity 
as  the  pendulum,  the  throttle- valve  would  not  change  its  position  ; 
whereas  the  smallest  acceleration  or  retardation  of  the  engine 
would  forthwith  close  or  open  the  valve  to  the  requisite  extent, 
for  re-establishing  the  equilibrium  between  the  power  and  the 
resistance,  at  the  speed  that  is  prescribed  absolutely  by  the  fixed 
speed  of  the  pendulum.  In  order  to  obtain  uniform  rotation  of  the 
pendulum,  it  was  necessary  that  its  angle  of  rotation  should  be 
nmixitained  constant,  notwithstanding  the  variations  in  the  amonnt 
of  its  driving  power  that  resulted  from  the  resistance  of  the  throttle- 
valve,  which  had  to  be  overcome  by  the  inertia  of  the  pendulum 
at  each  time  that  a  re-adjustment  between  the  power  and  the  load 
of  the  engine  was  required.  This  was  effected  by  increasing  on  the 
one  hand  the  maintaining  power  of  the  pendulum  beyond  what  was 
requisite  under  ordinary  circumstances,  in  order  to  guard  against 
an  occasional  deficiency  of  power ;  and  by  calling  into  existence 
on  the  other  hand  an  extraneous  resistance  by  a  friction  break, 
whenever  the  pendulum  reached  its  full  angle  of  rotation,  in  order 
to  prevent  its  ftirther  acceleration. 
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A  considerable  nnmber  of  steam-engine  goremors  were 
constracted  by  the  writer  in  accordance  with  this  description  in 
the  years  1844-47,  which  continne  to  work  in  a  highly  satis&ctozy 
manner  np  to  the  present  day,  in  all  cases  where  sufficient  attention 
has  been  bestowed  upon  them.  They  continue  also  to  be  nsed  hj 
the  Astronomer  Royal  for  regulating  the  motion  of  telescopes  and 
chronographical  apparatus  with  almost  mathematical  precision. 
Notwithstanding  these  results  however,  the  chronometric  goremor 
has  not  received  an  extended  application,  owing  to  its  comparatiTe 
costliness  and  the  delicacy  of  its  working  parts,  which  require 
frequent  attention  to  keep  them  in  perfect  order.  The  writer's 
early  attempts  to  reduce  this  governor  into  a  form  more  suited 
for  common  use  were  not  attended  with  success,  inasmuch  as  the 
accuracy  of  the  instrument  was  found  to  be  sacrificed  in  a  great 
measure ;  and  the  endeavours  of  others  in  the  same  direction  do 
not  seem  to  have  proved  more  satisfactory.  But  last  year  an  idea 
occurred  to  the  writer,  which  appeared  calculated  to  furnish  uniform 
rotation  under  varying  circumstances  of  driving  power,  without 
having  recourse  to  so  delicate  an  instrument  as  the  free  conical 
pendulum ;  and  this  idea  has  given  rise  to  the  governor  which 
forms  the  subject  of  the  present  paper. 

If  an  open  cylindrical  vessel,  such  as  a  glass  tumbler  or  cnp, 
containing  a  certain  quantity  of  water,  is  made  to  rotate  upon  its 
vertical  axis,  as  shown  in  the  diagram.  Fig.  2,  Plate  1,  the  water 
will  be  observed  to  rise  round  the  sides  of  the  vessel  as  the  speed 
of  rotation  gradually  increases,  until  it  ultimately  begins  to  overflow. 
If  the  speed  be  maintained  uniformly  from  this  moment,  it  is 
evident  that  the  water  will  continue  to  reach  up  to  the  very  edge 
of  the  cup  ;  and  that  if  the  speed  were  then  reduced  and  afterwards 
again  increased  to  the  same  limit,  the  water  edge  after  having  fidlen 
would  again  rise  to  the  same  point.  The  surface  of  the  liquid  in 
rotation  takes  the  form  of  an  inverted  paraboloid  ;  and  the  elevation 
to  which  the  liquid  rises,  before  it  reaches  the  overflow,  increases  in 
the  ratio  of  the  square  of  the  velocity,  the  elevation  being  measured 
from  the  apex  of  the  inverted  paraboloid  to  the  upper  edge.  Thus 
a  double  velocity  causes  the  liquid  to  rise  to  four  times  the  height ; 
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whence  it  follows  tliat,  when  the  speed  is  already  snfi&cient  to  raise 
the  liquid  to  the  edge  of  the  cnp,  a  small  increase  of  speed  will 
produce  a  very  decided  overflow  of  liquid.  The  quantity  of  liquid 
within  the  cup  being  limited,  a  rise  at  the  circumference  is 
accompanied  by  a  depression  of  the  centre  ;  and  this  has  been 
taken  advantage  of  by  Mr.  Bamsbottom  to  devise  a  measure  of 
rotary  velocity,  (see  Proceedings  Inst.  M.  E.  1861  page  49). 

The  present  object  is  not  to  measure  velocity,  but  to  maintain  a 
constant  predetermined  velocity  in  steam  engines  and  other  more 
delicate  mechanism  ;  and  for  this  purpose  the  principles  of  liquid 
gyration  above  referred  to  have  been  taken  advantage  of  by  the 
writer  in  the  following  manner. 

The  improved  Chronometric  or  Gryrometric  Governor  for  Steam 
Engines  is  shown  in  Figs.  3  to  7,  Plates  1  to  4.  It  consists  of  an  open 
cup  A  of  parabolic  shape,  Figs.  4  and  5,  fixed  upon  a  vertical  spindle  B, 
and  caused  to  revolve  within  the  closed  chamber  G  containing  the 
liquid,  the  bottom  of  the  cup  being  open  and  always  immersed 
below  the  surface  of  the  liquid.  When  the  cup  is  made  to  revolve 
rapidly,  the  liquid  contained  in  it  rises  round  the  sides  of  the  cup 
and  sinks  in  the  centre,  the  surface  of  the  liquid  assuming  the 
inverted  parabolic  form  shown  in  Fig.  5  ;  and  on  reaching  the  edge 
of  the  cnp  it  overflows  into  the  surrounding  chamber,  while  at  the 
same  time  a  fresh  supply  of  liquid  is  drawn  into  the  cup  through 
the  opening  in  the  bottom  :  and  the  power  absorbed  in  putting  the 
overflowing  liquid  into  motion  ofiers  a  continuous  resistance  to  the 
rotation  of  the  cup.  On  a  level  with  the  edge  of  the  cup,  a  series 
of  twelve  to  sixteen  fixed  vanes  D  are  placed  round  the  circumference 
of  the  external  chamber  C,  and  a  corresponding  set  of  blades  E  are 
also  fixed  round  the  outside  of  the  cup  just  below  the  rim  ;  so  that 
the  sheet  of  liquid  overflowing  from  the  edge  of  the  revolving  cup 
is  thrown  against  the  vanes  D,  and  by  these  is  thrown  back  against 
the  blades  E  on  the  cup,  whereby  the  overflowing  liquid  is  made  to 
ofier  an  additional  resistance  to  the  rotation  of  the  cup.  A  second 
series  of  vanes  and  blades  can  also  be  added  below  if  desired,  for 
still  further  increasing  the  resistance,  and  thereby  increasing  the 
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power  of  the  revolving  cup  as  a  governor  of  speed.  The  internal 
radial  arms  uniting  the  shell  of  the  cup  A  to  the  centre  hoss,  as 
shown  in  Fig.  6,  serve  to  communicate  the  rotary  motion  to  the 
liquid  inside  the  cup  ;  while  the  bottom  of  the  external  chamber  C 
is  provided  with  a  number  of  radial  ribs,  as  shown  in  Fig.  5,  for 
the  purpose  of  checking  rotary  motion  in  the  liquid  outside  the 
cup. 

'  So  long  as  the  cup  is  driven  at  a  constant  speed,  the  overflow  is 

constant,   and  produces  an  absolutely  constant  resistance ;  and 

hence,  if  the  cup  be  driven  by  a  constant  driving  power,  independent 

of  the  engine,  its  speed  is  as  uniform  as  that  of  a  chronometer, 

within  a  very  small  margin  of  variation  which  is  definitely  fixed ; 

and    it    continues    revolving    at    an    unchanging    speed,    totally 

independent  of  the  engine,  and  consequently  afibrds  the  means  of 

forming  a  governor  for  controlling  the  speed  of  the  engine  to  a 

constantly  uniform  rate.     The  constant  power  for  driving  the  cup 

is  obtained  by  the  weight  F,  Fig.  4,  on  the  lever  of  the  throttle-valve 

spindle  G,  which  is  connected  with  the  spindle  of  the  cup  A  and 

also  with  the  main  driving  shafl  H  of  the  engine,  through  a  set  of 

difierential  wheels  and  a  rocking  frame  turning  loose  upon  the 

spindle  of  the  cup.     The  main  driving  shaft  H  of  the  engine  drives 

the  vertical  shaft  K,  which  carries  the  inverted  wheel  L ;  and  on 

the  bottom  of  the  spindle  B  of  the  regulating  cup,  which  is  in  a 

line  with  the  shafl  K,  is  fixed  the  pinion  J,  the  diameter  of  which 

is  one  quarter  that  of  the  wheel  L.     Both  wheel  and  pinion  gear 

into  the  two  intermediate  wheels  1 1,  as  shown  in  the  inverted  plan, 

Fig.  7  ;  these  run  loose  upon  studs,  and  are  suspended  from  the 

rocking  frame  M,  which  is  free  to  rock  upon  its  centre,  but  h 

connected  with  the  throttle- valve  G  by  the  connecting  rod  N  and 

bell-crank  lever.     The  weight  F  therefore  upon  the  horizontal  arm 

of  the  lever  produces  a  constant  pressure  against  the  teeth  of  the 

wheel  L  and  pinion  J  ;  and  the  pinion  J,  in  yielding  to  this  pressure, 

causes  the  cup  A  to  revolve,  whilst  the  wheel  L  is  driven  by  the 

engine  in  the  contrary  direction,  tending  to  raise  the  weight.    Thus 

the  weight  is  constantly  tending  to  fall,  and  thereby  drives  the 

governor  through  the  differential  wheels ;   but  the  action  of  the 
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engine  is  in  the  opposite  direction,  and  is  confltantly  tending  to 
raise  or  wind  np  the  weight. 

The  result  therefore  is  that,  when  the  engine  is  nmning  at 
exactly  the  same  speed  as  the  governor,  so  that  the  wheel  L  makes 
exactly  one  revolution  during  the  time  that  the  governor  allows  the 
pinion  J  to  make  four  revolutions,  the  rocking  frame  M  remains 
stationary,  holding  the  throttle-valve  constantly  in  one  position, 
and  the  weight  F  neither  rises  nor  falls.  But  whenever  the  speed 
of  the  engine  exceeds  or  flails  short  of  the  proper  rate,  by  even  the 
slightest  variation,  the  differential  action  of  the  wheels  is  instantly 
called  into  play,  and  causes  the  rocking  frame  to  be  shifted  in 
position  in  the  direction  of  the  relatively  faster  wheel,  and  thereby 
closes  or  opens  the  throttle-valve  to  a  sufficient  extent  to  bring 
back  the  engine  at  once  to  the  proper  rate  fixed  by  the  governor. 
The  engine  is  therefore  compelled  to  run  with  the  same  regularity 
of  speed  as  the  governor,  while  the  regularity  of  the  governor  is 
ensured  by  the  driving  power  being  derived  from  the  constant 
weight,  which  will  always  remain  in  free  suspension  ;  because 
before  reaching  its  lower  stop  in  falling,  the  whole  of  the  steam 
would  be  turned  on  and  would  accelerate  the  engine  to  raise  it ; 
and  before  reaching  its  upper  stop  in  rising,  the  supply  of  steam 
would  be  so  much  reduced  as  to  retard  the  engine,  even  if  all  its 
work  were  thrown  off,  and  give  the  preponderance  of  power  to  the 
weight. 

The  important  difference  in  principle  of  action  between  the  new 
chronometric  governor  and  the  ordinary  steam-engine  governors  at 
present  in  general  use  lies  in  the  fact  that  the  ordinary  governors 
regulate  the  speed  to  a  uniform  standard  rate  only  under  the  special 
conditions  of  work  for  which  they  are  adjusted,  and  whenever  those 
conditions  are  altered  the  standard  of  speed  bec(»nes  altered  also. 
Thus  an  eng^e  having  the  faHl  amoxmt  of  work  put  upon  it, 
and  governed  by  an  ordinary  ball  governor,  will  be  kept  to  a 
uniform  speed  by  the  governor  so  long  as  the  average  resistance 
to  be  overcome  by  the  engine  continues  the  same ;  but  whenever 
any  of  the  work  is  taken  off,   the    speed    of   the  engine  will 
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be  increased  to  a  liiglier  rate  corresponding  to  the  diminisbed 
resistance,  and  at  this  higher  rate  the  speed  will  then  be  kept 
uniform  by  the  governor  so  long  as   the  diminished  resistance 
continues    without    further    alteration.       This    arises    from   the 
circumstance  that  the  degree  of  opening  of  the  throttle-yalYe  is 
directly  controlled  by  the  angle  to  which  the  governor  balls  are 
raised  by  the  velocity  of  their  revolution,  the  throttle-valve  beiiig 
moved  only  by  a  change  in  the  angle  of  suspension  of  these  balls ; 
whence  it  foUows  that  a  larger  supply  of  steam  for  overcoming  any 
increase  of  work  can  be  obtained  only  in  conjunction  with  a  smaller 
angle  of  the  governor  balls,  and  consequently  with  a  lower  speed ; 
and  that  a  larger  angle  of  the  governor  balls  and  consequently  a 
higher  speed  must  be  attained,  in  order  to  reduce  the  supply  of 
steam  for  meeting  any  reduction  in  the  work  done  by  the  engine. 
In  the  chronometric  governor  on  the  contrary,  it  will  be  seen  that 
the  governor  is  not  driven  by  the  engine  itself,  as  is  the  case  in 
the  ordinary  ball  governors,  but  by  the  constant  weight  on  the 
throttle- valve  lever,  whereby  a  constant  speed  of  the  governor  is 
ensured ;  and  the  slightest  deviation  of  the  engine  from  this  fixed 
speed  causes  the  throttle- valve  to  be  either  opened  or  closed  to  the 
extent  requisite  for  bringing  back  the  engine  to  that  same  rate. 
Thus  the  degree  of  opening  of  the  throttle- valve  and  the  consequent 
supply  of  steam  to  the  engine  are  altogether  independent  of  the 
speed  of  either  the  engine  or  the  governor ;  and  the  quantify  of 
steam  supplied  to  the  engine  is  always  exactly  equivalent  to  the 
quantity  of  work  to  be  performed,  while  the  speed  of  the  engine  is 
maintained  unchangeably  the  same,  to  whatever  extent  the  work 
upon  it  may  be  diminished  or  increased  within  the  limit  of  work 
which  the  engine  is  capable  of  doing  with  its  frill  supply  of  steam. 

It  will  be  shown  in  the  subsequent  portion  of  the  present  paper 
that,  when  water  is  the  liquid  employed  in  the  governor,  a  cup  of 
6  inches  diameter  and  6  inches  height  of  rim  above  the  water  levels 
without  external  blades,  is  capable  of  absorbing  0'004  horse  power 
without  suffering  an  increase  of  speed  exceeding  2  per  cent. ;  but  it  is 
shown  by  experiment  that  the  addition  of  the  external  blades  E 
round  the  cup  and  the  set  of  fixed  vanes  D  in  the  external  chamber. 
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Figs.  5  and  6,  increases  the  power  of  the  cap  to  0*007  horse  power, 
withont  any  greater  increase  of  speed.  Assuming  that  the  work 
required  to  be  performed  by  such  a  governor  consists  in  moving  a 
throttle-valve  through  a  range  of  6  inches  (0*5  foot)  in  5  seconds 
(0*083  minute),  then  the  power  of  the  governor  is  sufficient  to 
overcome  a  resistance  at  the  throttle- valve  of 

0-007  X  0-083  X  88000         oo  oe  iv 

— =  88*35  Iba. 

0*5 

and  it  is  evident  that  a  resistance  of  38  lbs.  &t  exceeds  what  may 
reasonably  be  expected  of  a  regulating  valve.  It  must  be  observed 
that  the  increase  of  speed  due  to  the  development  of  this  amount  of 
force  ceases  as  soon  as  the  work  is  accomplished,  or  in  a  few  seconds 
of  time ;  after  which  the  cup  and  with  it  the  engine  will  resume  the 
normal  rate.  The  governor  shown  in  Figs.  5  and  6  has  a  cup 
8  inches  diameter,  which  would  be  capable  of  overcoming  a  still 
greater  resistance. 

K  it  is  desired,  instead  of  moving  a  simple  throttle- valve,  that 
the  governor  should  act  upon  a  variable  expansion  valve,  or  even 
upon  the  sluice  of  a  waterwheel,  requiring  considerable  power  to 
move  it,  the  rocking  frame  may  be  arranged  as  a  pulley  or  wheel, 
and  may  be  connected  to  the  work  in  such  a  manner  that  several  of 
its  own  revolutions  are  required  to  accomplish  the  necessary  action, 
thereby  gaining  power  at  the  expense  of  time. 

The  liquid  that  is  employed  in  this  governor  is  either  water  or 
paraffin  oil ;  and  the  chamber  C,  Fig.  5,  containing  the  liquid  and 
revolving  cup,  is  virtually  closed,  so  that  no  loss  from  evaporation 
takes  place.  The  absolute  speed  of  the  governor  is  determined  by 
simply  changing  the  total  quantity  of  Hquid  in  the  chamber  C,  the 
level  being  shown  by  the  gauge  glass  O  at  the  side  of  the  chamber. 
Fig.  3,  which  is  graduated  for  the  different  speeds.  The  liquid  is 
filled  in  when  required  through  the  closed  hole  P  in  the  cover  of  the 
chamber,  which  serves  also  for  supplying  oil  occasionally  into  the 
lubricating  cup  upon  the  top  of  the  spindle  B. 

One  of  these  governors,  working  with  water,  and  having  a  cup 
of  6  inches  diameter  and  6  inches  height,  has  now  been  in  constant 
operation  for  several  months  at  the  writer's  telegraph  works  at 
Woolwich,  employed  in  regulating  a  high-pressure  engine  running 
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at  high  speed  with  yery  TBiiable  load,  over  which  the  ordmary  ball 
goyemoF  preyionflly  used  had  bo  little  control  that  the  eaugineinan 
was  obliged  to  regxdate  the  speed  contiiinally  by  the  hand  stop-ralYe. 
The  new  governor  maintains  the  engine  at  an  exceedingly  uniform 
speed,  nnder  the  most  extreme  yariations  of  load ;  and  no  trouble 
of  any  kind  has  been  experienced  in  its  working. 

In  the  new  governor  it  will  be  observed  that  all  the  parts  are 
readily  accessible.  The  two  vertical  spindles  B  and  K,  Fig.  5, 
rotate  in  complete  balance,  and  are  therefore  not  liable  to  wear 
sideways.  This  governor  is  also  equally  applicable  on  board  ship,  as 
a  vertical  position  of  the  revolving  cnp  of  liquid  is  by  no  means 
necessary.  These  are  decided  advantages  in  favour  of  the  new 
governor  over  the  former  chronometric  governor,  the  principle  of 
this  governor  having  already  been  approved  by  many  mechanical 
engineers. 

The  principle  of  the  revolving  cup  of  liquid  has  also  been 
applied  in  a  more  delicate  and  an  absolutely  chronometric  form,  as 
shown  in  Fig.  1,  Plate  1,  for  regulating  clockwork  and  telegraph 
apparatus,  where  the  variations  of  speed  to  which  the  machinery  is 
exposed  are  not  by  any  means  either  so  sudden  or  so  large  in  amount 
as  in  the  case  of  a  steam  engine.  The  cup  A  is  mounted  upon  a 
spindle  B  driven  direct  by  the  clockwork  or  apparatus  that  is 
required  to  be  governed  chronometrically ;  but  instead  of  being 
fixed  on  the  spindle,  the  boss  of  the  cup  runs  free  upon  a  quick 
double-threaded  screw  formed  on  the  spindle,  and  the  driving 
power  to  make  the  cup  revolve  with  the  spindle  is  conveyed 
through  a  spiral  spring  S,  attached  to  the  spindle  and  cup,  which 
also  supports  the  weight  of  the  cup  and  liquid  when  running  at  the 
normal  speed  and  with  the  proper  amount  of  overflow.  The  result 
of  this  arrangement  is  that  the  depth  of  immersion  of  the  cup  in 
the  liquid  is  self-adjusting ;  whereby  any  tendency  to  change  of 
speed,  arising  from  the  slightest  change  of  driving  power,  is 
instantly  compensated  by  a  corresponding  change  in  the  resistance 
to  rotation,  while  the  absolute  speed  of  the  cup  continues  constant 
without  any  alteration. 
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The  chronometric  correctness  of  the  goyemor  in  this  more 
delicate  and  perfect  form  will  he  nnderstood  from  the  following 
consideration  of  the  principles  of  its  action. 

The  Telocity  due  to  the  height  of  the  rim  of  the  revolving  cup 
above  the  level  of  the  liquid  in  the  external  chamber  is  v^  2  <^  ^ 
where  h  is  the  height  in  feet,  and  g  is  the  acceleration  (32  feet) 
produced  by  gravity  after  one  second.  In  order  therefore  that  the 
liquid  may  be  raised  so  as  to  overflow  from  the  rim  of  the  cnp,  it 
must  have  this  velocity  communicated  to  it.  The  actual  velocity  of 
the  overflowing  liquid  is  the  same  ae  the  tangential  velocity  of  the 
rim  of  the  cup,  or  »  x  c,  where  n  is  the  number  of  revolutions  of 
the  cup  per  second,  and  c  is  the  circumference  of  the  rim  of  the  cup 
in  feet.  Hence  the  relation  obtained  for  determining  the  speed  at 
which  a  cup  of  given  dimensions  must  rotate  at  the  moment  of 

overflow  is  

nc^^2gh  or  n^^  ^2gh. 

It  will  be  observed  that  the  specific  gravity  of  the  Hquid  employed 
does  not  appear  at  all  in  this  formula ;  for  the  only  forces  acting 
upon  the  liquid  in  the  cup  are  gravity,  which  is  constant,  and  the 
centrifugal  force,  which  results  solely  from  the  velocity  of  rotation 
of  the  cup,  and  is  therefore  the  same  for  all  liquids,  independent 
of  their  density.  Hence  the  density  of  the  Uquid  is  immaterial 
as  regards  the  velocity  of  the  cup,  and  aflects  only  the  driving 
power  required  to  maintain  the  cup  at  that  velocity. 

Applying  the  above  formula  to  a  cup  of  6  ins.  diameter  or  1*57  ft. 
circumference,  the  height  of  rim  above  the  level  of  the  liquid  being 
6  ins.  or  0*5  ft.,  the  expression  becomes  n  =  j:^X  a/2  x  82  x  0*5 
=  3*6  revolutions  per  second ;  or  216  revolutions  per  minute  must 
be  the  speed  of  the  cup  in  order  to  maintain  the  liquid  up  to  the 
point  of  overflow.  The  same  formula  also  serves  to  determine 
either  the  diameter  or  the  height  of  cup  that  is  required  to  produce 
a  given  speed  of  revolution. 

The  above  calculation  extends  at  present  only  to  the  moment 
when  overflow  would  commence,  showing  the  speed  at  which  the 
given  cup  must  revolve  for  maintaining  the  liquid  up  to  the  point 
of  overflow.     The  increase  of  speed  necessary  for  producing  an 
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actual  oyerflow,  and  the  quantity  of  driving  power  absorbed  by  the 
overflowing  liquid,  upon  the  mutual  relation  of  which  depends  the 
practical  efficiency  of  the  governor  as  a  chrononaetric  regnktor  of 
speed,  are  readily  ascertained  in  the  following  maimer  for  any  given 
amount  of  overflow. 

Taking  the  same  cup  of  6  inches  diameter,  and  assuming  that 
the  amount  of  overflow  is  60  cubic  inches  per  second,  and  that  the 
liquid  employed  is  water,  then,  the  area  of  inlet  at  the  open  bottom 
of  the  cup  being  5  square  inches,  the  water  must  rush  into  the 
bottom  of  the  cup  with  a  velocity  of  1  foot  per  second.  In  order  to 
obtain  this  rapidity  of  flow  into  the  cup,  the  apex  of  the  Hqnid 
paraboloid  or  the  lowest  water  level  inside  the  cup  must  be 
depressed  below  the  water  level  in  the  external  chamber  to  the 
extent  of  the  height  due  to  a  velocity  of  1  foot  per  second  (h  =  -^if) 
or  -g^r  X  1*  =  -g*^  foot  =  0'19  inch.  Moreover  the  circumference  of 
the  6  inch  cup  being  1'57  feet  while  its  speed  is  3*6  revolutions 
per  second,  the  velocity  of  the  overflowing  sheet  of  water  is 
1*67  X  3'6  =  6*66  feet  per  second ;  and  therefore  a  height  of 
0*05  inch  is  required  above  the  rim  of  the  cup,  in  order  to  provide 
the  necessary  area  for  the  overflow  of  60  cubic  inches  per  second. 
Hence  the  result  of  the  overflow  is  that  the  eflective  height  of 
the  cup  is  increased  altogether  from  6  inches  to  6*24  inches ;  and 
therefore  the  previous  velocity  of  the  cup,  216  revolutions  per 
minute,  must  now  be  increased  in  the  proportion  of  v^6*24  to  ^^6, 
so  that  the  new  velocity  will  be  220  revolutions  per  minute,  being 
an  increase  of  2  per  cent,  in  the  velocity  for  the  given  overflow. 

The  power  absorbed  by  the  overflow  is  that  required  to  raise 
the  60  cubic  inches  of  water  per  second  to  the  height  of  the  rim  of 
the  cup,  and  at  the  same  time  impart  to  it  the  velocity  of  overflow 
of  6*6  5  feet  per  second.  This  velocity  corresponds  to  a  height  of 
5'98  inches,  which  added  to  the  6*24  inches  height  of  lift  in  the 
cup  makes  a  total  height  of  12*22  inches,  or  say  1  foot  height. 
The  weight  to  be  acted  upon  is  60  cubic  inches  of  water  or  2*17  lbs. 
per  second,  equivalent  to  180  lbs.  per  minute.  Hence  the  horse 
power  absorbed  by  the  overflow  will  be  130  x  1  -^  33000  =  0-004  or 
l-250th  horse  power. 
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Although  an  increase  in  velocity  of  only  2  per  cent.,  for 
producing  the  overflow  requisite  to  absorb  so  considerable  an 
amount  of  surplus  driving  power  as  l-250th  horse  power,  may 
not  appear  of  much  importance  in  the  ordinary  purposes  for  which 
governors  are  employed,  considering  that  this  irregularity  applies 
only  to  the  short  interval  of  a  few  seconds  and  is  moreover 
leduced  in  amount  by  the  addition  of  external  blades  round  the 
cup  as  before  described,  yet  it  is  evident  that  in  order  to  obtain 
exceedingly  uniform  rotation  with  variable  driving^ower  something 
more  than  the  simple  cup  is  still  required.  It  accordingly  occurred 
to  the  writer  that,  if  by  some  automatic  arrangement  the  cup  could 
be  depressed  into  the  liquid  in  the  precise  measure  of  the  increase 
of  resistance  caused  by  the  overflow,  then  the  height  to  which  the 
Hqnid  would  have  to  be  raised  would  remain  actually  the  same  as 
it  was  before,  and  the  time  of  rotation  of  the  cup  would  therefore 
remain  the  same  also. 

This  adjustment  is  accordingly  efiected  in  the  delicate 
chronometric  governor  shown  in  Eig.  1  by  the  introduction  of  the 
spiral  spring  S  for  connecting  the  cup  A  to  the  driving  spindle  B, 
the  upper  end  of  the  spring  being  fastened  to  the  spindle  and  the 
lower  end  to  the  centre  boss  of  the  cup,  while  this  boss  fits  upon  a 
quick  double-threaded  screw  on  the  driving  spindle.  The 
vertical  tension  of  the  spring  supports  the  weight  of  the  cup 
itself  and  of  the  Hquid  contained  in  it  when  at  the  point  of 
overflow ;  but  it  is  without  any  torsional  tension  until  the  moment 
that  the  liquid  begins  to  overflow.  The  increase  of  driving  power 
which  produces  the  overflow  produces  also  a  corresponding  torsion 
of  the  spring,  and  consequently  a  corresponding  depression  of  the 
cnp  upon  the  screw  threads,  the  direction  of  the  rotation  being 
arranged  to  suit  the  screw ;  and  if  the  torsion  of  the  spring  be  so 
adjusted  that  the  requisite  amount  of  depression  of  the  cup  is 
effected  for  a  given  limit  in  the  increase  of  driving  power,  then  the 
depression  for  any  intermediate  increase  wiU  also  be  just  sufficient 
to  correct  the  error  of  speed,  and  absolutely  uniform  rotation 
between  those  limits  of  driving  power  will  be  the  result. 
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In  order  to  test  the  accuracy  of  theee  views  the  writer  has 
constracted  the  electric  clock  now  exhibited,  in  which  the  cap  of 
uniform  rotation  takes  the  place  of  the  ordinary  pendnlnm.  The 
driving  power  is  derived  from  a  small  "  Marie  Davy  "  or  ^'  Daniell" 
battery  contained  within  the  pedestal,  which  requires  no  ftother 
attention  beyond  being  refilled  with  protosnlphate  of  mercmy 
at  long  intervals.  The  vertical  driving  spindle  which  carries  the 
governor  cnp  receives  motion  from  an  electro-magnet  contained 
within  the  clock,  where  are  also  reducing  wheels  for  commiuii- 
cating  the  motion  from  the  spindle  to  the  hands  upon  the 
dial,  and  a  contact  arrangement  whereby  the  electric  current  is 
alternately  broken  and  re-established  in  the  coil  in  order  to  obtain 
the  rotary  motion.  The  bottom  end  of  the  driving  spindle  rests 
on  an  adjustable  screw,  as  shown  at  T  in  Eig.  1,  by  which  the 
regulating  cup  may  be  raised  or  lowered  during  its  action,  in  order  to 
effect  the  adjustment  of  the  clock,  which  could  not  be  aocomphshed 
to  so  great  a  nicety  or  with  such  facility  by  any  adjustment  of  the 
strength  of  the  spiral  spring  8  that  supports  the  cup.  The  liquid 
employed  in  this  instance  is  parafiin  oil,  which  is  paiticulariy 
applicable  for  the  purpose  on  account  of  its  high  fluidiiy  and  its 
neutrality  in  a  chemical  point  of  view. 

A  peculiar  feature  of  this  clock,  as  with  the  steam-engine 
governor  already  described,  is  that  it  may  be  tipped  on  one  side 
very  considerably  without  producing  any  visible  change  in  the 
uniform  sheet  of  overflowing  liquid  fr^m  the  cup  or  in  the  velocity 
of  revolution ;  and  the  clock  may  therefore  be  used  even  on  board 
ship,  where  a  pendulum  is  of  course  inadmissible.  The  writer  has 
also  applied  the  cup  of  uniform  rotation  to  the  regulating  of  the 
clockwork  employed  in  telegraph  recording  instruments  ;  and  is 
about  to  use  it  for  obtaining  synchronous  motion  at  different 
telegraph  stations  in  the  construction  of  chemical  telegraphs,  for 
which  purpose  he  expects  it  will  be  of  special  value  on  account  of 
removing  the  difficulty  formerly  experienced  in  obtaining  uniform 
rapid  rotation. 
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The  cap  of  absolntelj  imiform  rotation^  with  self-adjuBting  dip, 
aa  now  described  and  shown  in  the  electric  dock  exhibited,  was  the 
first  form  in  which  the  writer  embodied  the  idea  of  a  reyolving  cnp 
of  liquid  as  a  governor  of  speed.  In  applying  this  governor  to  a 
steam  engine,  it  is  evident  that,  if  the  power  and  the  load  upon  the 
engiae  varied  only  between  narrow  limits,  it  might  be  possible  to 
constmct  a  cap  of  uniform  rotation  large  enongh  to  absorb  directly 
all  snrplns  power  whenever  it  occurred,  exactly  the  same  as  in  the 
clock  and  other  delicate  machinery.  But  considering  the  actual 
extent  of  the  variations  in  the  case  of  a  steam  engine,  and  the 
importance  of  not  sacrificing  engine  power,  as  would  be  the  case  if 
all  surplus  power  were  absorbed  by  the  governor,  it  was  necessary 
to  seek  for  some  means  of  giving  the  governor  indirect  command 
over  the  engine ;  and  this  is  therefore  accomplished  by  the  use  of 
the  differential  motion,  and  the  rocking  frame  connected  to  the 
throttle-valve  or  expansion  valve.  At  the  same  time  the  self- 
adjusting  dip  of  the  cup  is  dispensed  with,  the  cup  being  no  longer 
carried  upon  the  driving  shaft,  but  on  a  separate  spindle  driven 
independently  by  the  constant  weight ;  and  the  cup  itself  is  made 
heavy,  in  order  to  increase  its  stability  of  rotation  and  to  obtain  in 
it  a  store  of  accumulated  force,  ready  at  any  moment  to  act  upon 
the  throttle- valve  of  the  engine.  It  has  also  been  seen  that  the 
addition  of  the  external  blades  round  the  rim  of  the  cup  nearly 
doubles  its  power  as  a  governor. 

The  writer's  practical  career  having  commenced  twenty-three 
years  ago  with  the  subject  of  the  chronometric  governor,  although 
his  attention  has  since  been  engrossed  with  other  subjects,  he  trusts 
that  this  application  of  a  new  principle  of  action  may  lead  to  a  more 
complete  realisation  of  the  object  in  view,  namely  the  attainment  of 
really  uniform  rotation  in  mechanism. 
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Mr.  Siemens  exhibited  the  regulating  cnp  and  differential  wheels 
which  had  been  at  work  in  the  governor  employed  to  r^nlate  the 
engine  at  his  works  at  Woolwich ;  he  also  showed  in  work  an  electric 
clock  regulated  by  the  more  delicate  modification  of  the  governor 
designed  for  that  purpose. 

The  Chairman  enquired  whether  in  the  application  of  the  governor 
to  marine  engines  the  pitching  of  the  vessel  would  in  any  way 
interfere  with  the  action  of  the  governor,  as  the  cup  containing  the 
liquid  would  then  be  canted  out  of  its  upright  position. 

Mr.  Siemens  replied  that  the  tilting  of  the  governor  into  an 
inclined  position  did  not  interfere  with  its  action,  as  was  shown  by 
tilting  the  clock  now  exhibited,  when  it  was  seen  that  the  speed  of 
the  governor  continued  as  regular  as  when  it  was  standing  upright 
and  steady.  This  was  in  consequence  of  the  revolving  cup  being 
made  to  dip  into  the  liquid  in  the  centre  of  the  external  chamber ; 
so  that  however  the  governor  might  be  tilted  about,  within  all 
ordinary  limits  that  could  be  met  with  in  practice,  the  bottom  of 
the  cup  would  still  remain  submerged  in  the  liquid,  as  the  centre  of 
the  liquid  would  be  exposed  to  comparatively  little  alteration  in  level. 
The  utmost  that  could  happen  would  be  that  the  open  bottom  of  the 
cup  would  become  uncovered  for  an  instant ;  but  that  would  have 
no  perceptible  effect  on  the  governor,  as  it  would  immediately 
afberwards  be  covered  again,  and  the  liquid  would  again  rise  up 
inside  the  cup  by  the  centrifogal  force.  The  rotation  of  the  governor 
was  produced  independent  of  the  liquid,  by  the  action  of  the  constant 
driving  weight  on  the  throttle-valve  lever,  and  the  liquid  only  tended 
to  retard  the  speed  of  rotation ;  and  even  during  the  momentary 
uncovering  of  the  open  bottom  of  the  cup,  the  liquid  already 
contained  in  it  would  be  supported  by  the  centrifugal  force. 

The  electric  clock  now  exhibited  to  the  meeting  had  been 
constructed  specially  for  the  purpose  of  testing  the  principle  and 
action  of  the  new  governor,  by  carrying  it  to  the  extreme  limits  of 
delicacy  and  sensitiveness,  and  also  in  order  to  ascertain  any  small 
defects  which  might  be  brought  to  light  in  the  working.  The  result 
had  been  found  to  be  that  the  speed  of  the  dock  was  remarkably 
uniform  and  exact,  and  therefore  there  was  no  doubt  that  this 
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modified  form  of  the  goyemor  woald  be  very  useful  for  many- 
purposes  ;  for  although  with  a  steam-engine  governor  it  was  not 
necessary  to  attain  anything  like  the  regularity  of  a  clock,  yet  there 
were  many  other  applications  of  the  governor  where  a  very  high 
degree  of  regularity  was  required,  especially  in  telegraphic  and 
aatronomical  apparatus,  and  it  was  more  particularly  with  a  view 
to  these  that  he  had  constructed  the  more  delicate  modification  of 
the  governor  as  applied  to  the  clock  now  exhibited. 

The  earlier  form  of  the  chronometric  governor  with  the  conical 
pendulum  had  been  designed  by  himself  several  years  previously, 
but  was  open  to  the  great  objection  of  being  complex  and  rather 
delicate ;  and  having  lately  taken  up  the  subject  again,  he  had  been 
led  to  the  improved  construction  now  described,  the  action  of  which 
was  exceedingly  quick  on  the  slightest  alteration  of  speed  in  the 
engine,  having  a  considerable  advantage  in  this  respect  over  the 
earlier  governor,  so  that  an  engine  could  now  be  kept  working  with 
remarkable  regularity. 

The  Chairman  enquired  whether  the  deHcate  governor  now 
exhibited  at  work  in  connection  with  the  electric  clock  was  capable 
of  showing  the  efiect  of  any  sudden  alteration  in  the  resistance  to 
the  driving  power  of  the  clock. 

Mr.  Siemens  showed  that  the  slight  increase  of  friction  produced 
by  the  pressure  of  a  finger  upon  the  driving  spindle  caused  the  cup 
of  the  governor  to  rise  out  of  the  liquid  so  that  the  overflow 
diminished,  and  ceased  altogether  if  the  friction  were  sufficiently 
increased;  but  the  speed  of  the  governor  remained  precisely  the 
same  as  before,  the  increased  power  absorbed  by  the  friction  being 
compensated  by  the  diminished  resistance  ofiered  by  the  revolving 
cup  of  the  governor.  On  removing  the  friction  from  the  driving 
spindle  the  cup  again  sank  to  the  proper  depth  in  the  liquid,  and 
the  overflow  began  again,  while  the  speed  still  remained  unaltered. 

The  Chairman  enquired  whether  the  action  of  the  governor  as 
applied  to  steam  engines  would  be  sufficiently  prompt  in  the  case  of 
marine  engines  to  check  the  engine  at  once,  supposing  the  pitching 
of  the  vessel  caused  the  screw  ever  to  be  raised  out  of  the  water 
altogether,  as  not  unfrequently  happened  in  a  rough  sea. 

H 
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Mr.  Siemens  thought  the  action  of  the  governor  wonld  he  quite 
qaick  enough  to  meet  snch  a  case ;  for  he  had  found  the  governor 
regulating  the  engine  at  his  own  works  acted  so  promptly  that  even 
if  the  whole  work  was  suddenly  thrown  off  the  engine  no  visible 
effect  was  produced  on  the  speed  of  the  flywheel. 

The  Chaibmak  enquired  what  size  of  revolving  cup  would  be 
required  for  the  governor  of  an  engine  of  large  power ;  he  supposed 
the  size  would  be  considerable  for  an  engine  of  1000  horse  power. 

Mr.  Siemens  thought  that  for  an  engine  of  1000  horse  power  the 
cup  of  the  governor  would  not  have  to  be  more  than  15  inches 
diameter  at  the  very  utmost ;  and  probably  a  12  inch  cap  would  be 
found  quite  sufficient. 

Mr.  E.  A.  CowpEB  said  he  had  seen  the  governor  at  work  iqran 
the  engine  at  Mr.  Siemens*  works  at  Woolwich,  and  had  made  an 
experiment  to  test  its  quickness  of  action  in  controlling  the  speed  of 
the  engine.  A  heavy  plank  of  wood  was  applied  as  a  lever  against 
the  rim  of  the  flywheel,  so  as  to  act  as  a  break,  and  the  outer  end  was 
weighed  down  until  the  engine  had  just  as  much  work  upon  it  as  the 
steam  was  capable  of  doing  when  the  throttle-valve  was  ftill  open. 
The  break  was  then  suddenly  released  altogether,  so  that  the  whole 
work  was  suddenly  thrown  off  the  engine,  yet  there  was  not  the 
slightest  difference  to  be  perceived  in  the  speed  of  the  engine ;  and 
this  appeared  so  surprising  that  he  had  repeated  the  experiment 
several  times,  but  with  the  same  result  in  each  case.  This  was 
precisely  a  similar  case  to  that  of  the  screw  propeller  of  a  vessel  being 
suddenly  lifted  entirely  out  of  the  water,  and  there  was  therefore  no 
doubt  that  the  governor  would  be  applicable  with  complete  success 
to  marine  engines,  being  absolutely  instantaneous  in  its  action ;  for 
it  did  not  require  that  there  should  be  a  considerable  increase  of 
speed  in  the  engine  before  it  would  act,  but  it  acted  directly  and 
closed  the  throttle- valve  at  once,  because  as  soon  as  the  engine 
overran  the  governor  at  all  it  began  to  close  the  throttle- valve. 

Mr.  F.  J.  Bbamwell  observed  that  he  had  also  had  an 
opportunity  of  seeing  the  governor  at  work,  and  it  was  certainly  as 
efficient  as  any  governor  could  possibly  be  in  keeping  the  engine 
constantly  at  one  uniform  speed.    He  had  himself  had  an  oppor- 
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tinnity  of  judging  of  the  efficiency  of  the  principle  of  the  governor 
from  having  employed  a  modification  of  the  former  chronometrio 
gfovemor  for  the  purpose  of  regnlating  the  speed  of  an  engine 
driving  rolls  for  rolling  iron;  and  he  l^ad  found  that  in  this 
case  the  action  of  the  governor  was  perfectly  satisfactory,  as 
the  only  difference  observable  when  the  work  was  thrown  on  the 
engine  by  a  very  heavy  piece  of  iron  passing  through  the  rolls  was 
that  an  increased  volume  of  steam  issued  from  the  exhaust  pipe, 
the  speed  of  the  rolls  remaining  unaffected.  The  efficiency  of  the 
governor  in  that  case  had  proved  so  complete  that  he  had  since  put 
up  another  to  control  an  engine  having  the  most  irregular  work  ta 
perform,  and  this  second  governor  had  also  worked  very  well 
indeed.  In  that  form  of  the  governor  however  there  was  no  doubt 
that  the  uniformity  of  its  action  was  somewhat  dependent  upon  the 
constancy  of  the  friction,  and  some  attention  was  therefore  required 
to  ensure  the  friction  being  maintained  always  the  same.  But  the 
improved  construction  of  governor  now  described,  having  the 
revolving  cup  of  liquid  substituted  for  the  conical  pendulum,  required 
Tk6  attention  to  ensure  its  efficient  working,  as  its  action  did  not 
depend  upon  delicacy  of  adjustment  nor  uniformity  of  lubrication 
of  surface,  and  therefore  it  was  not  liable  to  get  out  of  order. 
The  application  of  the  governor  to  the  electric  clock  now  exhibited 
might  perhaps  lead  to  the  notion  that  it  was  only  suitable  for  such 
applications,  and  was  too  delicate  for  use  as  a  steam-engine  governor ; 
but  this  extreme  test  of  application  to  a  clock  only  served  to  show 
the  complete  correctness  of  the  principle,  and  did  not  in  any  way 
prove  that  the  governor  was  unfitted  to  control  an  engine.  The  fact 
-was  that  in  the  extent  of  its  applicability  the  governor  was  as 
universal  as  the  steam  hammer,  which  would  forge  a  large  mass  of 
iron  or  only  crack  a  watch-glass.  The  governor  could  accordingly 
be  used  either  as  an  absolute  measurer  of  time  for  the  most  delicate 
chronometrio  purposes,  according  to  the  more  refined  mode  of 
construction  (shown  in  Fig.  1),  with  the  revolving  cup  arranged 
io  rise  or  fall  upon  the  driving  spindle ;  or  if  constructed  according 
to  the  simpler  plan  (shown  in  Figs.  3  to  5),  for  use  as  a  steam- 
engine  governor,  it  still  secured  practical  regularity  of  motion, 
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the  action  being  instantaneous  upon  the  slightest  alteration  of  the 
load. 

As  an  illustration  of  the  way  in  which  the  speed  of  the  governor 
was  independent  of  the  gravitj  of  the  liquid  employed  might  be 
named  the  &ct  that,  if  a  water  wheel  were  to  be  turned  by  a  stream 
issuing  from  a  cistern  haying  a  given  constant  head,  the  speed  of 
the  wheel  would  clearly  be  the  same  whether  water  or  mercury 
were  used,  although  the  power  would  be  much  less  in  the  former 
case  than  in  the  latter.  Similarly  the  speed  of  the  govemor  was  not 
affected  by  the  specific  gravity  of  the  liquid  employed  in  the  revolving 
cup,  but  its  power  might  be  augmented  without  altering  its  size  by 
increasing  the  specific  gravity  of  the  liquid ;  and  the  difference  in  the 
specific  gravities  of  mercury,  water,  parafiS^n  oil,  and  spirits  of  wine, 
afforded  therefore  an  ample  range  for  varying  the  power  of  the 
govemor  according  to  the  amount  of  resistance  which  it  had  to 
overcome  in  working  the  throttle-valve  of  the  engine.  It  had  been 
shown  in  the  paper  that  the  power  of  the  govemor  now  exhibited, 
having  a  cup  of  6  inches  diameter  and  working  with  water,  would 
be  sufficient  to.  move  a  resistance  of  88  lbs.  through  6  inches  in 
5  seconds,  with  an  increase  of  speed  in  the  govemor  itself  of  only 
about  2  per  cent. ;  and  as  it  was  only  during  the  time  occupied  by 
the  govemor  in  acting  upon  the  throttle-vaJve  that  any  change 
could  take  place  in  the  speed  of  the  engine,  it  followed  that  in  the 
case  of  an  engine  running  at  GO  revolutions  per  minute  and  regulated 
by  a  govemor  of  this  size,  the  total  absolute  change  that  could  be 
produced  in  the  engine  would  be  only  that  it  would  make  one  tenth 
of  a  revolution  more  or  less  than  the  proper  amount,  after  which  it 
would  immediately  resume  its  original  speed,  in  consequence  of  the 
throttle- valve  having  by  that  time  become  correctly  adjusted  by  the 
govemor. 

As  regarded  the  size  of  the  govemor,  it  would  be  observed  thai 
the  outside  diameter  of  the  chamber  containing  the  revolving  cup 
of  liquid  was  not  so  great  as  that  of  an  ordinary  two-ball  govemor 
such  as  would  be  employed  upon  an  engine  of  the  same  power, 
when  the  balls  were  at  rest ;  and  as  the  space  occupied  by  the  new 
govemor  did  not  increase  by  its  being  put  in  motion,  the  room 
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leqnired  by  it  wben  in  action  was  less  than  half  that  taken  up  by 
the  ordinary  ball  governor  when  the  arms  were  opened  out  by  its 
reyolntion. 

Mr.  W.  Faibbaibn  considered  the  chronometric  governor  was  an 
exceedingly  ingenious  contrivance,  and  would  be  highly  valuable 
for  all  purposes  where  great  regularity  of  motion  was  required* 
He  had  himself  employed  one  of  the  former  chronometric  governors 
with  the  conical  pendulum  on  one  of  the  engines  at  his  works  in 
Manchester  for  many  years,  and  it  was  found  to  answer  exceedingly 
well ;  ultimately  however  it  had  fallen  into  disuse,  not  from  any 
defect  in  the  principle  of  the  governor,  but  simply  from  the 
engineman  not  taking  the  requisite  care  to  keep  it  in  proper  order, 
BO  that  the  friction  could  no  longer  be  relied  upon  as  definite.  There 
was  no  doubt  however  that  the  governor  might  be  cpnsidered 
Buccessfrd  in  giving  a  uniform  motion  to  steam  engines,  and  also- 
to  astronomical  instruments,  as  shown  by  the  fact  of  its  being 
employed  by  the  Astronomer  Boyal  for  regulating  the  motion  of  one 
of  the  equatorial  telescopes  in  the  Greenwich  Observatory.  In  the 
small  governor  now  exhibited  at  work  upon  the  electric  clock  he 
observed  that  the  revolving  cup  was  connected  to  the  driving 
spindle  by  a  light  spiral  spring,  which  allowed  for  the  vertical 
movement  of  the  cup  in  working  ;  and  he  enquired  what  took  the 
place  of  this  spring  in  the  other  form  of  the  governor  as  applied  to 
steam  engines. 

Mr.  Siemens  explained  that  in  both  the  forms  of  the  chronometric 
governor  described  in  the  paper  the  fundc^mental  principle  of  action 
was  the  same,  namely  that  the  resistance  offered  by  the  liquid  raised 
in  the  cap  was  employed  as  the  governing  power  for  effecting  the 
CK>ntrol  of  the  speed ;  but  the  different  mode  of  applying  this  power 
for  the  purpose  led  to  the  difference  of  construction  in  the  two 
forms  of  the  governor.  In  the  delicate  governor  employed  upon 
the  electric  clock,  the  revolving  cup  was  driven  directly  by  the 
driving  spindle  through  the  spiral  spring,  and  the  bush  by  which 
the  cup  was  carried  upon  the  spindle  was  a  quick-threaded  screw ; 
so  that  when  the  proper  speed  was  exceeded  the  cup  dipped  deeper 
in  the  liquid  and  took  up  a  larger  quantity,  whereby  the  resistance 
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to  the  driving  power  was  increased  ;  while  any  slackening  of  speed 
below  the  proper  amonnt  cansed  the  cup  to  rise  partly  ont  of  the 
liquid,  and  the  resistance  was  diminished  to  a  corresponding  extent. 
In  the  steam-engine  governor  on  the  other  hand  the  revolving  cnp 
was  not  driven  by  the  engine  at  all,  bnt  by  the  constant  weight 
upon  the  lever  of  the  throttle- valve  spindle ;  this  weight  was 
constantly  trying  to  &1II,  while  the  engine  was  constantly  trying  to 
lift  it  throngh  the  differential  wheels.  These  wheels  were  geared 
together  in  the  proportion  of  fonr  to  one,  so  that  the  governor  cnp 
made  fonr  revolutions  for  one  of  the  engine.  The  cap  however  had 
no  vertical  motion  in  this  case,  bnt  the  effective  resistance  of  the 
liquid  overflowing  from  it  was  increased  by  the  set  of  fixed  vanes 
placed  ronnd  the  circumference  of  the  external  chamber  and  the 
corresponding  set  of  blades  fixed  ronnd  the  ontside  of  the  cnp.  The 
throttle-valve  weight  acted  upon  the  centre  pinion  of  the  differential 
gearing,  and  the  pinion  was  allowed  to  yield  to  the  weight,  bnt  only 
at  the  fixed  velocity  determined  by  the  resistance  of  the  liquid  to 
the  revolving  cup.  Hence  if  the  engine  attempted  to  go  faster  than 
the  proper  speed  allowed  by  the  governor,  it  would  wind  up  the 
weight  faster  than  the  governor  allowed  it  to  fall,  and  the  throttle- 
valve  would  instantly  be  partially  closed  by  the  weight  lever  acting 
direct  upon  it ;  while  if  the  engine  failed  to  wind  up  the  weight 
fast  enough,  the  governor  would  let  it  fall,  and  the  throttle- valve 
would  be  further  opened  ;  so  that  in  either  case  the  speed  of  the 
engine  was  at  once  brought  back  to  the  proper  rate.  If  the  speed 
of  the  revolving  cup  could  be  kept  absolutely  constant  with  the 
regularity  of  a  clock,  it  would  oblige  the  engine  to  run  with  the 
same  absolute  regularity  ;  but  though  the  power  necessary  to  enable 
the.  governor  to  perform  the  work  of  moving  the  throttle-valve 
could  only  be  obtained  by  an  actual  change  of  speed  for  the  moment, 
it  had  been  shown  that  in  practice  sufficient  power  was  obtained 
for  this  purpose,  even  when  the  liquid  employed  was  only  water, 
without  the  speed  of  the  engine  being  allowed  to  vary  firom  the 
proper  rate  beyond  an  amount  that  was  so  small  as  to  be  altogether 
inappreciable. 

Mr.  Faibbaibn  observed  that,  if  the  desideratum  of  a  regular 
uniform  motion  for  a   steam  engine  could  be  attained  under  all 
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the  irregfularitieB  of  the  work,  a  very  important  point  would  be 
accomplislied ;  and  from  the  particulars  which  had  been  given 
respecting  the  working  of  the  new  governor  there  appeared  to  be  no 
donbt  that  this  object  was  now  effected,  and  he  should  be  glad  to  have 
an  opportunity  of  seeing  the  governor  in  actual  work.  He  enquired 
whether  there  was  not  some  little  difficulty  in  practice  &om  the 
evaporation  of  the  water  in  the  governor,  and  what  means  there  was 
of  keeping  the  supply  always  up  to  the  proper  level ;  and  also 
whether  mercury  had  been  tried  instead  of  water,  and  what 
difference  in  the  working  of  the  governor  was  found  in  that  case  as 
compared  with  the  use  of  water. 

Mr.  Siemens  replied  that  the  level  of  the  water  in  the  governor 
was  shown  by  a  glass  gauge  tube  fixed  on  the  side  of  the  chamber 
containing  the  revolving  cup,  and  alongside  the  tube  was  a  scale, 
upon  which  were  marked  the  number  of  revolutions  per  minute  of  the 
engine  corresponding  to  the  different  levels  of  the  water;  the 
addition  of  water  caused  the  speed  of  the  engine  to  be  diminished, 
and  a  reduction  of  the  quantity  allowed  of  a  higher  speed.  The 
chamber  containing  the  water  was  closed  at  the  top,  so  that 
no  evaporation  could  take  place;  and  the  only  place  where  any 
escape  of  vapour  could  possibly  occur  was  through  the  centre 
bearing  of  the  driving  spindle,  which  was  made  sufficiently  easy  for 
the  spindle  to  run  freely ;  but  as  there  was  no  circulation  of  air 
through  this  bearing,  there  would  in  practice  be  no  escape  of  vapour 
through  it.  He  had  not  tried  the  use  of  mercury  in  the  governor, 
but  the  specific  gravity  of  the  liquid  had  no  influence  on  the  speed 
of  the  revolving  cup,  although  the  power  of  the  instrument  for 
overcoming  the  resistance  of  the  throttle- valve  was  increased  by  an 
increased  density  of  the  liquid;  so  that  the  specific  gravity  of 
mercury  being  fourteen  times  that  of  water,  a  governor  working 
with  mercury  would  have  fourteen  times  the  power  of  one  of  the 
same  size  in  which  water  was  used. 

Mr.  Fairbairn  enquired  whether  the  power  of  the  governor  was 
not  affected  by  the  quantity  of  water  contained  in  the  chamber  in 
which  the  revolving  cup  worked. 

Mr.  Siemens  explained  that  the  quantity  of  water  did  not  affect 
the  power  of  the  governor  but  only  its  speed,  since  the  amount  of 


40  GHRONOMITIUC  GOYBRNOB. 

the  overflow  regulated  itself  according  to  tlie  speed  at  which  the  cnp 
was  driven ;  and  therefore  supposing,  while  the  engine  and  governor 
were  running  at  the  proper  speed,  the  quantity  of  water  in  the 
chamber  was  suddenly  increased  by  the  addition  of  more  water,  the 
only  result  would  be  that  more  water  would  be  taken  np  bj 
the  revolving  cup  and  a  larger  overflow  would  be  produced,  which 
would  instantly  increase  the  resistance  to  the  rotation  of  the  cup, 
and  cause  it  to  run  at  a  lower  speed,  thereby  reducing  at  the  same 
time  the  speed  of  the  engine  to  the  lower  rate  corresponding  with 
the  larger  quantity  of  water.  The  water  was  in  reality  a  liquid 
break,  which  absorbed  instantly  all  the  surplus  power  that  might  be 
applied  to  drive  the  governor,  and  thus  kept  the  speed  of  rotation 
of  the  governor  practically  the  same  at  all  times. 

Mr.  W.  M.  Neilson  suggested  that  a  small  pneumatic  water  feed 
might  be  attached  to  the  governor  for  preserving  a  constant  level  of 
water,  if  there  were  any  possibility  of  water  being  lost  by  evaporation 
or  leakage ;  as  it  would  be  very  inconvenient  to  And  the  speed  of 
the  engine  becoming  increased  by  a  gradual  diminution  in  the 
quantity  of  water  contained  in  the  governor. 

The  Chairman  enquired  how  long  the  governor  had  been  found 
to  continue  in  work  at  the  proper  speed  without  requiring  any 
renewal  of  the  water  supply. 

Mr.  Siemens  replied  that  the  governor  had  never  been  touched 
for  the  purpose  of  adding  water  to  it  since  it  was  first  put  to  work 
in  October  last ;  and  he  had  not  thought  it  necessaiy  to  pay  any 
attention  to  the  water  supply  after  first  starting,  because  he 
considered  it  utterly  impossible  that  the  water  could  find  its  way 
out,  the  chamber  of  the  governor  being  closed. 

The  Chairman  enquired  whether  it  was  intended  for  the  outside 
chamber  containing  the  revolving  cup  to  be  made  of  glass,  as  in  the 
governor  now  exhibited  upon  the  electric  clock. 

Mr.  Siemens  replied  that  the  outside  case  of  the  steam-engine 
governor  was  made  of  cast  iron ;  and  in  the  electric  clock  now 
exhibited  it  was  only  made  of  glass  for  the  purpose  of  allowing  the 
working  of  the  governor  to  be  seen. 

Mr.  F.  J.  Bramwell  remarked  that  in  the  caae  of  applying  the 
governor  to  marine  engines  the  pitching  of   the  vessel  would 
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interfere  with  the  effect  of  the  weight  upon  the  throttle- valve  lever, 
hy  which  the  revolving  cnp  of  the  governor  was  in  effect  driven ;  and 
he  suggested  that  the  difficnltj  might  be  obviated  by  substituting  a 
spring  in  place  of  the  weight. 

Mr.  Siemens  said  it  would  certainly  be  necessary  to  employ  a 
spring  instead  of  the  weight  on  the  throttle- valve  lever,  in  applying 
the  governor  to  marine  engines. 

Mr.  C.  E.  Amos  remarked  that  he  had  tried  the  previous  form 
of  the  chronometric  governor,  with  the  conical  pendulum  and  friction 
break,  and  could  bear  testimony  to  its  complete  efficiency  and  perfect 
accuracy  in  keeping  the  speed  of  the  engine ,  correctly  to  the 
proper  rate,  so  long  as  the  friction  break  continued  in  proper  order. 
The  practical  difficulty  however  was  the  lubrication  of  the  break ; 
and  as  there  was  not  the  means  of  ensuring  its  being  kept  uniformly 
lubricated,  the  governor  ultimately  went  out  of  use.  But  in  the 
new  governor  now  described,  the  correctness  of  its  action  did  not 
depend  upon  friction,  but  upon  the  resistance  produced  by  the  liquid 
overflowing  from  the  revolving  cup ;  and  he  therefore  thought  the 
new  governor  was  not  only  a  very  good  one  in  principle,  but  would 
prove  thoroughly  successful  in  practice.  With  regard  to  the 
application  of  the  governor  to  marine  engines,  he  enquired  whether 
the  disturbance  occasioned  in  the  liquid  by  the  vertical  pitching  of 
the  vessel  would  not  materially  affect  the  proper  working  of  the 
governor. 

Mr.  Siemens  replied  that  the  oscillations  in  the  liquid  in 
consequence  of  the  pitching  of  the  vessel  would  be  by  no  means 
80  extensive  as  might  be  imagined ;  this  was  shown  already  in  the 
case  of  the  ship's  compass,  which  floated  on  water  without  exhibiting 
any  excessive  amount  of  motion,  and  the  water  was  subject  in  that 
case  to  exactly  the  same  variations  in  level  that  would  occur  in  the 
governor.  Moreover  the  bottom  of  the  chamber  containing  the 
revolving  cup  might  be  made  hemispherical,  with  the  apex  of  the 
cnp  in  the  centre,  in  which  case  the  oscillations  of  the  liquid  in  the 
chamber  would  not  affect  the  depth  of  immersion  of  the  cup  at 
all.  The  principle  of  gyration  in  fact  counteracted  the  effect  of 
gravitation,  and  the  overflow  from  the  rim  of  the  cup  would  remain 
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nniform  whether  the  arts  of  the  cup  were  vertical  or  tQted. 
A  sudden  yertical  pitching  of  the  yessel  could  only  have  the  effect 
of  very  slightly  increasing  the  force  of  gravitation  in  pitching 
upwards,  and  very  slightly  diminishing  it  in  pitching  downwards^ 
tending  in  the  former  case  to  diminish  the  overflow  from  the 
revolving  cup,  and  in  the  latter  case  to  increase  it.  But  the  mean 
result  would  be  the  same  as  if  no  pitching  took  place,  inasmuch  as 
the  governor  cup  had  a  considerable  momentum  in  revolving ;  and 
therefore  even  if  any  such  irregularities  occurred  in  the  overflow 
they  would  perfectly  compensate  themselves,  without  i^ecting  the 
speed  of  the  governor. 

Mr.  E.  A.  CowPEB  observed  that  an  important  feature  in  the 
new  governor  was  the  facility  that  it  offered  for  varying  the  speed 
at  which  the  engine  was  to  run,  as  it  was  only  necessary  to  alter 
the  level  of  the  water  in  the  governor  by  means  of  the  gauge  glass 
at  the  side,  in  order  to  change  the  speed  to  any  different  rate ;  the 
addition  of  water  would  reduce  the  speed  to  a  lower  rate,  or  the 
speed  could  be  increased  by  running  off  some  of  the  water  out  of 
the  governor. 

Mr.  G.  £•  Amos  remarked  that  the  same  object  might  also  be 
accomplished  by  shifling  the  weight  upon  the  throttle-valvB  lever, 
if  that  were  preferred,  without  altering  the  water  level  in  the 
governor. 

The  Chaibuan  thought  the  new  governor  was  a  most  important 
invention,  and  would  prove  invaluable  for  aU  purposes  where  perfect 
uniformity  of  motion  was  required ;  and  he  did  not  see  why  it 
should  not  be  generally  used  for  marine  engines  just  the  same  as 
for  stationary  engines. 

He  proposed  a  vote  of  thanks  to  Mr.  Siemens  for  his  paper, 
which  was  passed. 


The  following  paper,  communicated  through  Mr.  Sampson  Lloyd, 
was  then  read : — 


/ 
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ON   AN   IMPROVED    CONSTRUCTION    OP 
WROUGHT    IRON   TURNTABLE. 


Bt  Mb.  WILLIAM  BAINES,  of  Soho. 


In  the  improYed  constmction  of  Wronglit  Iron  Tnmtable,  forming 
the  subject  of  the  present  paper,  the  object  of  the  writer  has  been 
to  obtain  a  turntable  made  entirely  of  wrought  iron,  but  with 
miiform  depth  and  strength  throughout  the  top ;  and  with  all  the 
portions  combined  together  solid,  like  an  ordinary  cast  iron  top, 
thereby  preserving  the  stiffness  and  solidity  of  a  cast  iron  table 
together  "with  the  toughness  and  strength  of  wrought  iron.  This 
construction  ftirther  gives  the  advantage  of  great  saving  in  weight, 
and  facility  of  conveyance ;  as  the  top  of  the  table  takes  entirely 
to  pieces,  instead  of  being  composed  of  bulky  castings. 

The  construction  of  the  turntable  is  shown  in  Figs.  1  to  4,  Plates 
5,  6,  and  7.  Fig.  I,  Plate  5,  is  a  vertical  section  of  a  12  foot  table ; 
and  Fig.  8,  Plate  6,  is  a  plan  of  the  same  table.  Fig.  4,  Plate  7,  is 
a  plan  of  an  18  foot  table. 

The  top  of  the  turntable  is  constructed  entirely  of  wrought  iron 
girders,  formed  of  bars  rolled  to  a  special  section,  as  shown  in 
Fig.  8,  Plate  10,  drawn  half  full  size,  so  as  to  fit  into  one  another 
when  placed  together  side  by  side ;  and  these  are  framed  together 
in  such  a  manner  as  to  form  a  continuous  rigid  girder  in  all 
directions,  as  shown  in  the  plans.  Figs.  3  and  4.  The  section  of  one 
of  the  combined  girders  is  shown  at  AA  in  Fig.  1,  and  also  drawn 
half  full  size  in  Fig.  9,  Plate  10.  Only  one  form  of  section  of  iron 
is  employed,  as  shown  in  Fig.  8,  the  bar  being  rolled  with  two  ribs 
and  a  groove  or  channel  between  them,  running  along  one  edge  of 
the  plate  and  upon  both  sides,  and  a  single  rib  and  groove  of  the 
same  pitch  running  along  the  other  edge  of  the  plate  on  both  sides ; 
80  that  by  reversing  the  bars  alternately  top  and  bottom  edge 
upwards,  as  shown  in  Fig.  9,  the  ribs  and  grooves  fit  into  one 
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another  with  complete  accnracy,  and  the  several  ban  are  thus 
checked  into  one  another  along  their  entire  length,  as  seen  ia 
the  specimens  exhibited.  The  bars  are  7^  inches  depth  and  f  inch 
thickness,  weighing  12  lbs.  per  foot. 

In  this  arrangement  the  bolts  which  secure  the  bars  together 
are  all  of  them  merely  fishing  bolts,  having  simply  to  hold  the  bars 
together  laterally,  without  being  exposed  to  any  transverse  strain ; 
as  the  bars  are  held  from  sliding  upon  one  another  vertically  by  the 
ribs  and  grooves  along  their  edges,  thereby  relieving  the  bolts  from 
all  transverse  strain.  The  bars  can  thns  be  cnt  into  pieces  of  any 
length  required,  and  then  joined  together  in  any  lengths  and  at  any 
places  by  bolting  them  together;  and  they  then  form  a  single 
continuous  solid  girder  of  uniform  depth  throughout. 

The  use  of  this  ribbed  and  grooved  section  of  bar  for  constructing 
the  girders  of  the  table  allows  of  increasing  the  strength  of  the 
girders  towards  the  centre  of  the  table  without  increasing  their 
depth,  by  the  insertion  of  an  additional  bar  in  the  length  nearest  to 
the  centre,  thus  increasing  the  thickness  of  the  girders  towards 
the  centre,  as  seen  in  the  plans.  Figs.  8  and  4.  Thus  in  the  plan  of 
the  12  foot  table,  shown  in  Fig.  8,  the  four  main  girders  BB 
radiating  from  the  centre  pin  are  each  composed  of  three  bars 
bolted  together ;  but  beyond  the  points  where  they  cross  the  lines 
of  rails  on  the  table,  the  middle  bar  alone  is  continued  straight 
«  onwards  to  the  rim  of  the  table,  while  the  two  side  bars  are  turned 
off  at  45^  on  either  side,  to  form  the  girders  for  carrying  the  rails 
above ;  and  these  side  bars  are  further  strengthened  for  the  purpose 
by  means  of  the  additional  pieces  GC  bolted  to  them,  as  shown  in 
the  plan.  Moreover  the  same  construction  affords  the  means  of 
making  the  solidity  of  the  structure  continuous  throughout  the 
entii*e  framing,  of  the  top  of  the  table,  as  effectually  as  if  the 
framing  were  all  in  one  single  casting.  For  it  will  be  seen  from 
the  plan.  Fig.  8,  that  while  the  middle  bar  and  one  side  bar  in  each 
of  the  four  ribs  B  form  the  arms  of  one  quadrant  of  the  circle,  the 
other  side  bar  is  carried  into  the  next  quadrant,  whereby  the  four 
quadrants  are  successively  connected  with  one  another  aU  round 
the  circle. 
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The  position  of  the  girders  forming  the  top  of  the  turntable  is 
arranged  to  coincide  with  that  of  the  rails,  which  are  carried  npon 
the  top  of  the  girders,  and  are  bolted  down  npon  them  by 
conntersnnk  bolts  passing  down  throngh  the  space  between  the 
bars  of  the  girders,  as  shown  hj  the  dotted  lines  at  DD  in  Fig.  1. 
The  rails  are  thns  independent  of  the  stmctnre  of  the  tnmtable, 
and  can  therefore  be  readily  renewed  in  the  same  manner  as 
ordinary  rails  when  worn  out,  without  requiring  any  portion  of  the 
tnmtable  to  be  taken  to  pieces  for  the  purpose,  as  they  form  no 
part  of  the  framing  of  the  table. 

The  outer  rim  EE,  Fig.  1,  of  the  turntable  top  forms  the  upper 
roller  path,  and  is  constructed  of  bar  iron  rolled  to  the  section  shown 
half  full  size  in  Fig.  10,  Plate  10,  ribbed  and  grooyed  along  the 
inner  edges  to  correspond  with  the  bars  forming  the  girders.  This 
bar  is  bent  to  the  required  circle  of  the  rim,  and  the  ends  are  fished 
together  with  a  butt  joint,  with  outside  and  inside  cover  plates. 
There  is  no  turning  required"  for  the  face  of  the  roller  path,  as  the 
rolled  bar  iron  is  sufficiently  true  for  the  purpose,  having  as  true  a 
surface  as  the  ordinary  railway  rails.  The  lower  roller  path  is  an 
ordinary  T  rail  bent  to  the  proper  circle  and  laid  upon  timber 
sleepers.  The  rollers  FF  are  of  cast  iron,  and  the  live  roller  frame 
consists  of  a  ring  of  plain  bar  iron,  with  an  external  bracket  bolted 
on  at  each  of  the  rollers,  the  roller  spindles  being  connected  to  a 
ring  turning  loose  round  the  centre  pin. 

The  centre  pin  G,  Fig.  1,  and  the  foxmdation  plate  or  socket 
carrying  it,  are  of  cast  iron.  The  top  end  of  the  pin  is  bored  out, 
as  shown  enlarged  in  Fig.  2,  and  a  piece  of  wrought  iron  I,  faced 
with  steel,  is  let  in,  to  form  the  centre  bearing  for  the  top  of  the 
turntable.  The  surface  of  the  steel  is  spherical,  bearing  against  a 
corresponding  spherical  chiUed  surface  on  the  under  side  of  the 
cast  iron  cap  H,  to  which  is  bolted  the  centre  cross  J  of  the  turn- 
table top.  The  space  left  in  the  recess  at  the  top  of  the  centre  pin 
forms  an  oil  cup,  for  lubricating  the  bearing  surfaces.  The  only 
cast  iron  employed  in  the  table  is  therefore  for  the  rollers  and  for 
the  centre  pin  and  connections.     The  centre  cross  J,  which  was 
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previonfilj  made  of  cast  iron,  is  now  made  of  wrooglit  iron  in 
a  single  forging,  as  shown  in  Figs.  6  and  7,  Plate  9,  with  the 
advantage  of  greater  strength  and  lightness.  The  wrought  iron 
centre  piece  consists  of  a  strong  welded  tube,  bored  out  to  fit  the 
centre  pin  O  of  the  turntable,  and  grooved  outside  on  the  four  sides 
to  receive  the  ribs  of  the  bars  composing  the  girders,  which  are 
bolted  to  it  with  countersunk  bolts,  as  shown  in  the  drawing.  The 
four  suspending  bolts  for  the  turntable  top  lay  hold  of  a  wrought 
iron  washer  plate  K  underneath. 

The  bars  composing  the  girders  of  the  turntable  top  are  bent 
hot  bj  hydraulic  pressure,  as  shown  in  the  plan,  Fig.  12,  Plate  II. 
Where  two  or  more  of  the  bars  have  to  be  bent  to  fit  one  another, 
they  are  made  to  fit  by  simply  bending  one  npon  the  other  in 
their  permanent  position,  the  bar  first  bent  fi:>iming  then  the 
block  for  bending  the  second  upon,  and  so  on,  which  ensures  each 
one  being  thoroughly  bedded  upon  the  others.  The  same  die  L 
is  made  available  for  bending  all  the  bars,  by  having  one  jaw  of 
the  die  formed  of  a  sliding  block  M,  Vhich  is  adjusted  by  a  hand 
screw  to  suit  each  successive  increase  of  width  of  the  bend  in  the 
outer  plates,  the  die  L  itself  being  loose  from  the  ram  of  the 
hydraulic  press,  so  as  to  slide  laterally  to  the  extent  requisite  with 
each  successive  increase  of  width  in  the  jaw.  The  correct  position 
of  the  bend  is  ensured  by  the  simple  means  of  the  fixed  stud  N, 
which  enters  the  permanent  bolt  hole  previously  punched  in  each 
bar;  and  the  only  alteration  required  in  making  turntables  for 
different  gauges  of  railway  is  the  shifting  of  this  stud  into  the 
proper  hole  for  the  pcurticular  gauge,  according  to  the  positions 
indicated  npon  the  drawing  for  the  several  gauges  of  railway.  By 
this  simple  arrangement  for  bending  the  bars,  the  whole  of  the  bars 
are  bent  for  the  turntables  for  all  gauges  of  railway,  without  the 
need  of  a  single  pattern  of  any  description ;  the  proper  length  of  tiie 
bars  being  determined  by  templates,  to  ensure  complete  uniformity 
throughout  the  work.  The  ends  of  the  bars  are  heated  for  bending 
by  a  portable  forge,  shown  in  the  sectional  plan.  Fig.  13;  and 
Fig.  14  shows  the  mode  of  bending  the  ends  that  have  to  be  united 
to  the  rim  of  the  turntable,  by  means  of  the  lo&g  hand-lever  P. 


WBOUGHT  IBON  TUBHTIBLE.  47 

There  is  a  great  Baying  of  weight  in  the  present  wronght  iron 
turntable,  the  weight  of  which  is  less  than  one  half  that  of  cast  iron 
tables  of  the  same  size : — 

the  12  foot  tiinitables  weigh  only  8|  tons  instead  of  7|  tons 

M      *^  »»  »  M  ^t        »  tt  *"■        M 

>f      *"  »»  f»  M  "f        f>  9$  1"  }» 

This  saving  of  weight  is  an  important  advantage  in  reducing  the 
labour  of  fixing  and  removal ;  and  the  tables  can  be  readilj  moved 
and  loaded  or  unloaded,  without  the  tackle  requisite  for  the  heavj 
castings  of  the  ordinary  tables.  In  sending  the  tables  to  distant 
countries  not  only  is  the  total  freight  and  cost  of  conveyance 
reduced  two  thirds,  but  in  consequence  of  the  construction  of  the 
tables  adnoitting  of  readily  dividing  them  into  portions  all  of  small 
weight,  great  fiunhties  are  afforded  for  conveying  them  into  difficult 
situations. 

The  reduction  in  weight  also  renders  the  tables  easier  to  turn, 
and  thereby  diminishes  their  wear  and  tear;  the  weight  of  the 
turntable  top  in  comparison  with  a  cast  iron  top  being 

in  the  12  foot  table  If  tons  instead  of  2|  tons 

>»  16  .  „  2t  M  y>  *I       ft 

9»  18  ft  Of  „  „  If       ft 

The  depth  of  these  turntables  is  considerably  less  than  in  most 
other  tables,  being  only  20  inches  total  depth  both  in  the  12  foot  and 
18  foot  tables,  in  consequence  of  the  compactness  of  the  construction. 
The  depth  of  the  pit  and  ezoavation  for  the  foundations  are 
therefore  proportionately  diminished,  which  is  an  important 
advantage  in  situations  where  drainage  is  difficult. 

This  turntable  has  a  special  advantage  in  facility  of  construction 
and  adaptation  to  different  circumstances,  as  compared  with  the  cast 
iron  tables  and  those  constructed  of  wrought  iron  and  cast  iron 
combined.  In  those  cases  patterns  are  required  for  the  castings, 
and  a  different  pattern  is  necessary  for  each  different  size  of 
turntable,  however  small  may  be  the  diffarence  in  diameter;  a 
diflferent  pattern  is  also  necessary  in  each  size  of  table  for  every 
different  gauge  of  rails  and  for  every  variety  in  position  of  the  rails, 
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whether  a  single  line  of  rails,  or  double  Hnes  at  right  angles,  or 
with  oblique  lines  at  45®  or  60^  inclination.  The  cost  and  time  d 
construction  is  thereby  materially  increased  in  the  oast  iron  tables, 
causing  delay  in  producing  any  tables  adapted  to  meet  special 
circumstances,  and  seriously  increasing  the  expense  where  a  few 
only  are  required  of  the  same  kind. 

In  the  wrought  iron  turntable  now  described  these  difficulties 
are  entirely  removed.  As  the  table  consists  of  merely  a  repetition 
of  the  same  pieces,  varying  only  in  length  and  angle  of  bend,  any 
desired  alteration  in  diameter  is  readily  effected,  however  fractional 
in  amount,  by  simply  altering  the  lengths  of  the  bars  accordingly, 
without  affecting  the  construction  of  the  joints.  The  table  can  also 
be  made  to  suit  any  direction  or  number  of  the  Hnes  of  rails,  by 
making  the  angle  of  the  bends  and  the  lengths  of  the  bars  to 
correspond ;  and  the  same  facility  applies  also  to  the  adoption  of 
any  gauge  of  rails.  In  Fig.  5,  Plate  8,  is  shown  a  plan  of  a  four- 
line  turntable  having  four  lines  of  rails  inclined  to  one  another  at 
45^,  showing  the  mode  of  arranging  the  bars  in  the  turntable  for 
carrying  each  of  the  lines  of  rails. 

In  Fig.  3,  Plate  6,  is  shown  the  most  general  arrangement  of 
turntable  with  two  lines  of  rails  at  right  angles  for  a  main  line 
turntable ;  and  in  Fig.  4,  Plate  7,  is  the  arrangement  with  a  single 
line  of  rails  for  engine    turntables.      A  similar  construction  is 
applicable  when  a  double  gauge  of  rails  is  required  on  each  of  the 
two  lines  at  right  angles,  as  in  the  case  of  combining  the  ordinary 
broad  and  narrow   gauges  of  this  country.     In  the  case  of  one 
of  these  double-gauge  tables,  originally  constructed  and  laid  down 
to  accommodate  both   the   broad  and  the  narrow  gauge,  it  has 
subsequently  been  determined  to  abandon  the  broad  gauge,  and  to 
run  the  narrow  gauge  rails  central  across  the  turntable,  according 
to  the  ordinary  plan ;  and  this  construction  of  table  affords  the 
greatest  facility  for  effecting  any  such  modification,  the  rails  being 
supported  in  their  new  position  by  the  simple  addition  of  a  few 
bars.    In  the  case  referred  to,  these  bars  have  only  to  be  sent  to 
the  turntable,  ready  cut  to  their  proper  lengths  and  bent  to  the 
proper  angles,  and  to  be  inserted  in  their  places  in  the  table,  without 
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Teqnirmg  it  to  be  taken  up  for  the  purpose,  and  without  delaying 
the  traffic  longer  than  is  requisite  for  drilling  the  bolt  holes  and 
bolting  the  bars  in,  which  can  be  done  at  intervals  according 
to  convenience. 

These  tables  are  now  being  manufactured  for  five  different 
gauges  of  railway,  and  of  all  the  different  sizes  in  general  use, 
without  employing  any  patterns  whatever  for  the  different  sizes  and 
forms;  all  that  is  required  being  the  templates  for  diameter  of 
circles  and  lengths  of  the  several  pieces  of  which  the  table  is 
composed. 

These  tables  have  been  at  work  more  than  three  years,  and 
exposed  to  the  severest  tests  of  working ;  but  no  failure  or  fracture 
has  occurred  in  them  or  any  sign  of  injury,  although  in  the  same 
time  with  cast  iron  tables  there  would  unavoidably  be  considerable 
failure  from  breakage.  One  of  the  12  foot  tables  on  this 
construction  has  been  tested  with  a  load  of  40  tons,  and  one  of  the 
18  foot  tables  with  a  load  of  50  tons,  without  the  slightest  injury 
resulting  to  the  tables. 


Mr.  Baines  exhibited  sections  of  the  bars  composing  the  girders 
of  the  turntables,  and  also  a  segment  of  one  of  the  turntables, 
showing  the  mode  of  framing  the  bars  together. 

The  Chairman  enquired  how  many  of  the  turntables  on  this 
construction  were  now  at  work. 

Mr.  Baines  replied  that  there  were  now  about  100  of  the 
turntables  at  work,  and  they  had  proved  so  satisfactory  that  in 
every  case  where  the  new  tables  had  been  tried,  their  use  had  been 
extended. 

The  Chairman  enquired  whether  the  same  construction  would 
answer  for  the  turntables  now  necessary  to  be  used  in  turret  ships, 
which  were  required  to  be  about  25  feet  diameter  and  to  carry  a 
weight  of  about  200  tons.  He  thought  if  the  wrought  iron  turntables 
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could  be  adapted  for  that  purpose  thej  wotdd  be  yeiy  advantageous, 
on  account  of  tbeir  ligbtness  in  comparison  with  the  present  heavy 
cast  iron  tables.  The  present  tables  were  usually  made  to  turn  upon 
stationary  rollers  fixed  on  the  deck,  instead  of  live  rollers  numing 
round  in  a  frame,  as  shown  in  the  drawings. 

Mr.  Baines  replied  that  one  of  the  wrought  iron  turntables  of 
12  feet  diameter,  composed  of  bars  7^  inches  deep,  would  readily 
carry  a  load  of  100  tons  without  injury  ;  and  there  would  therefore 
be  no  difficulty  in  making  tables  of  25  feet  diameter  to  cany  200  tons, 
by  using  bars  of  greater  depth  and  thickness  for  the  purpose. 
Such  tables  would  have  the  great  advantage  of  being  very  simple  to 
repair,  as  they  could  be  easily  repaired  in  a  very  short  time  if 
disabled  in  war. 

The  Chairman  enquired  whether  there  had  been  any  difficulty 
in  rolling  the  bars  of  the  particular  section  shown  in  the  drawings ; 
and  whether  the  rolling  was  done  with  sufficient  accuracy  to  ensure 
the  bars  going  together  correctly  in  constructing  the  turntables. 

Mr.  Baines  replied  that  the  rolling  was  found  to  be  done  with 
complete  accuracy,  and  it  would  be  seen  from  the  sections  now 
exhibited  of  the  girders  that  the  bars  went  together  with  perfect 
correctness,  fitting  tight  into  one  another  when  put  together  just  as 
they  came  from  the  rolls,  as  the  ribs  and  grooves  in  the  successive 
bars  corresponded  exactly  to  one  another  and  their  sur&ces  were 
quite  smooth  and  clean. 

Mr.  B.  Williams  said  they  had  now  rolled  about  100  tons  of  the 
bars  of  that  section  at  the  Patent  Shaft  Works,  Wednesbury,  and 
had  found  no  difficulty  in  rolling  them  with  the  required  accuracy 
for  enabling  them  to  fit  correctly  into  one  another  in  bolting  together. 
The  ribs  running  all  along  each  edge  of  the  bars  made  a  very  strong 
section  of  iron,  and  he  suggested  that  such  a  section  was  peculiarly 
adapted  for  the  construction  of  wrought  iron  girders  generally,  and 
might  be  applied  very  advantageously  in  warehouses  and  similar 
buildings.  Such  girders  would  be  made  with  no  waste  of  iron  in 
cutting  to  lengths  or  welding,  and  could  be  constructed  of  any 
length  without  the  necessity  of  welding,  as  the  ends  of  the  bars 
simply  required  to  be  put  together  with  a  butt  joint,  and  the  joint 
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was  then  secnrelj  fished  on  each  side  by  an  external  cover  plate. 
The  strength  in  this  construction  could  also  be  increased  to  any 
extent  by  simply  increasing  the  width  of  the  girders  by  the  addition 
of  any  number  of  bars,  and  the  greatest  strength  was  obtained  at 
the  parts  where  it  was  required,  in  the  top  and  bottom  of  the 
girders ;  moreover  the  expense  of  labour  in  making  girders  on  this 
principle  was  the  least  possible.  Another  advantage  was  that  the 
outside  bar  of  the  girders  might  be  rolled  externally  of  any  special 
section  that  might  be  desired  for  ornamental  purposes;  just  as 
in  the  turntables  shown  in  the  drawings,  the  bar  forming  the 
circumference  of  the  tables  was  rolled  to  the  particular  section 
shown,  in  order  to  form  the  upper  roller  path :  and  two  of  these 
bars  bolted  together  back  to  back  with  an  intermediate  bar  between, 
as  shown  in  Fig.  11  and  in  the  specimen  exhibited,  formed  a 
double-edged  angle-iron  section,  which  could  also  be  used  for  the 
purpose  of  running  over  rollers.  This  ribbed  section  of  iron  was  on 
the  whole  the  simplest  and  best  section  he  had  yet  seen  for  general 
purposes  of  iron  construction,  such  as  shipbuilding,  warehouse 
girders,  and  railway  purposes ;  and  for  the  sole  plates  of  railway 
rolling  stock  it  might  also  be  advantageously  employed. 

Mr.  W.  M.  Neilson  considered  the  section  of  iron  was  certainly 
a  very  good  one  mechanically,  and  very  cleverly  designed  for  making 
the  ribs  and  grooves  fit  together  with  such  nicety  by  simply  inverting 
the  same  section  of  bar. 

The  Chairman  enquired  whether  it  was  thought  that  girders  put 
together  in  the  manner  that  had  been  described  with  butt  joints 
would  be  as  strong  at  the  joints  as  in  the  solid. 

Mr.  B.  WiLLUMS  replied  that  the  butt  joints  were  made  really 
the  strongest  parts  of  the  girders  by  the  addition  of  the  external 
cover  plates  on  each  side  of  the  joint ;  and  it  must  be  borne  in  mind 
that  these  cover  plates,  being  made  of  the  same  section  of  iron, 
were  not  like  ordinary  plain  cover  plates,  where  the  strength  of  the 
joint  depended  upon  the  security  of  the  bolts  or  rivets  by  which 
the  cover  plates  were  secured ;  but  the  ribs  and  grooves  caused  the 
cover  plates  throughout  their  entire  length  to  be  checked  into  the 
main  bars  of  the  girder,  and  thus  made  the  strength  even  greater 
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at  the  butt  joints,  wliile  the  bolts  simplj  held  the  plates  together, 
without  being  themselves  subjected  to  any  transverse  strain.  No 
welding  was  therefore  required  in  putting  the  girders  together, 
whatever  length  might  be  required,  and  the  risk  of  £ulure  through 
defective  welding  was  thus  obviated. 

Mr.  E.  Jones  said  the  wrought  iron  turntable  described  in  the 
paper  was  the  best  and  strongest  turntable  for  its  weight  that  he 
had  ever  met  with ;  and  they  were  now  making  a  large  number  of 
these  tables  at  the  Old  Park  Iron  Works,  Wedneebuiy,  to  go  out 
to  India. 

Mr.  J.  Pettifor  enquired  what  was  the  cost  of  the  new  turntables, 
exclusive  of  the  foundation,  in  comparison  with  that  of  the  ordinaiy 
cast  iron  tables  of  the  same  size. 

Mr.  Baines  replied  that  the  cost  of  the  wrought  iron  turntables 
was  about  the  same,  but  the  strength  was  three  times  as  great  as 
that  of  the  ordinary  cast  iron  tables  of  the  same  size. 

Mr.  E.  A.  CowFER  thought  the  construction  of  the  wrought  iron 
turntable  was  highly  ingenious,  having  the  bars  of  the  girders  joggled 
into  one  another  continuously  throughout  their  whole  length,  so  that 
the  bolts  were  merely  fishing  bolts  with  but  little  strain  upon  them. 
This  mode  of  construction  g^ve  the  means  of  increasing  the  strength 
of  the  girders  at  the  parts  whe^e  required ;  and  it  was  seen  from 
the  drawings  that  towards  the  middle  of  the  table  the  girders  were 
composed  of  three  bars  bolted  together,  while  at  the  outer  ends 
there  was  only  a  single  bar.  The  only  point  in  the  construction 
which  appeared  to  him  of  doubtM  propriety  was  the  curving 
of  the  bars  at  the  centre  for  uniting  to  the  centre  boss,  because  the 
curved  girders  would  be  somewhat  similar  to  springs,  and  some 
complication  of  strains  might  be  thereby  introduced.  A  certain 
amount  of  deflection  under  a  load  however  seemed  desirable,  and 
he  thought  some  of  the  deep  cast  iron  turntables  at  present  in  use 
were  probably  too  rigid.  He  enquired  what  had  been  found  to  be 
the  deflection  of  the  wrought  iron  tables  under  a  load. 

Mr.  Baines  repHed  that  he  had  not  measured  the  deflection  of 
the  wrought  iron  turntables,  but  it  was  certainly  very  slight,  as 
proved  by  the  fact  that  the  tables  were  easily  turned  round  under 
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the  load  by  two  men,  because  the  &.cility  of  tiimmg  depended  of 
course  upon  the  sdffiiess  of  the  giirders,  by  which  the  load  was 
prevented  from,  coming  too  heavily  npon  the  rollers  of  the  table. 
With  regard  to  the  curving  of  the  bars  at  the  centre  of  the  table, 
the  object  of  this  had  been  to  make  the  girders  contintions  in  all 
directions  thronghont  tbe  table,  which  was  rendered  possible  in  this 
constmction  of  table  in  consequence  of  each  girder  being  composed 
of  several  separate  bars  bolted  together.  By  this  means  also  the 
girders  were  united  to  the  casting  forming  the  centre  boss.  In  one 
of  the  earliest  tables  put  to  work  the  centre  casting  had  been  a 
very  light  one  and  had  been  broken  ;  but  it  was  so  securely  held  in 
its  place  that  it  had  still  been  kept  at  work,  and  had  continued  so 
for  three  years  under  a  heavy  traffic  vnthout  any  difference,  and  it 
had  not  been  thought  worth  while  to  replace  it  by  a  new  casting. 
As  it  was  desirable  however  to  avoid  any  risk  of  accident  by 
breakage  of  the  centre  casting,  he  had  now  adopted  a  wrought  iron 
centre  instead,  as  shown  in  the  drawings,  so  that  the  entire 
moveable  top  of  the  turntable  was  now  made  of  wrought  iron. 

Mr.  E.  A.  CowPEB  enquired  whether  it  was  intended  to  weld  the 
bars  of  the  girders  to  the  wrought  iron  centre,  so  as  to  make  a 
BoHd  forging  in  the  centre ;  this  would  probably  make  a  very  sound 
job. 

Mr.  Baines  explained  that  there  was  no  welding,  but  the 
wrought  iron  centre  boss  was  simply  grooved  on  the  four  sides 
to  receive  the  ribs  of  the  bars,  which  were  then  securely  bolted  to 
it  in  a  similar  manner  to  the  other  joints  of  the  table. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Barnes  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated ;  and  in  the  evening  a  number 
of  the  Members  dined  together  in  celebration  of  the  Nineteenth 
Anniversary  of  the  Institution. 


PEOCBEDINGS. 


3  May,  1866. 


The  Qenebal  Meeting  of  the  Members  was  lield  in  tlie  Lecimre 
Theatre  of  the  Midland  Institute,  Birmingham,  on  Thursday, 
3rd  May,  1866;  Henbt  Maudslat,  Esq.,  Vice-President,  in  the 
Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected : — 


MEHBEBS. 

William  Baines, 
Clement  Barnard, 
Bestel  B.  Beyis, 
Anpbew  Bbtts  Brown,  . 
Charles  Cleworth,   . 
William  Daniel,    . 
Walter  Fiddes, 
Charles  Douolas  Fox, 
George  Haden  Hickman, 
Charles  Hodgson,  . 
Thomas  Holcroft, 
John  C.  A.  Houghton, 
Joseph  Foster  Lloyd, 
Richard  Norfolk,  . 
John  Hartlet  Perks, 
Aleksander  Scholtze, 
Frederick  Turner,    . 


Soho. 

Birmingham. 

Birkenhead. 

London. 

Jumalpore,  India. 

Shrewsbury. 

Bristol. 

London. 

Tipton. 

Portarlington. 

Bilston. 

Dudley. 

Wednesbury. 

Beverley. 

Wolverhampton. 

Warsaw. 

Ipswich. 


The  following  paper  was  then  read : — 
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ON  THE  CORROSION  OP  LOCOMOTIVE  BOILERS, 
AND  THE  MEANS  OF  PREVENTION. 


Br  Mr.   WILLIAM   KIBTLBY,   of   Dbebt. 


From  the  reports  of  accidents  with  Steam  Boilers  in  this  oonntry 
daring  the  last  year  1865,  it  appears  that  during  that  period  55 
steam  boilers  have  exploded,  causing  the  deaths  of  abont  56  peTSons 
and  injnrj  to  a  mnch  greater  number.  Amongst  these  ezplodons 
there  have  been  on  the  railways  of  the  United  Kingdom  out  of  7000 
locomotives  11  boilers  exploded,  causing  loss  of  life  and  injury  in 
each  case,  and  in  addition  serious  destruction  of  property.  Each  of 
these  explosions  must  have  been  occasioned  either  by  defects  of 
construction  or  material,  or  else  by  negligent  supervision.  It  is 
intended  in  the  present  paper  to  consider  only  the  subject  of  high- 
pressure  boilers,  such  as  those  of  locomotives ;  and  as  in  the  large 
majority  of  exploded  locomotive  boilers  it  has  been  found  that  the 
explosion  has  arisen  firom  the  plates  of  the  boiler  having  become 
weakened  by  corrosion  at  particular  places,  it  is  the  writer's  object 
to  describe  the  nature  and  extent  of  this  corrosion,  and  to  endeavour 
to  show  the  causes  of  its  occurrence,  together  with  the  means  of 
prevention. 

In  the  present  ordinary  construction  of  locomotive  boilers  with 
lap  joints,  as  shown  in  Figs.  7  and  8,  Plates  13  and  14,  the  wear  by 
corrosion  of  the  plates  is  found  principally  round  the  smokebox  end 
of  the  boiler  barrel,  in  the  interior,  opposite  to  the  edge  of  the 
outside  angle  iron,  as  shown  at  AA  in  Figs.  1,  2,  and  3,  Plate  12, 
where  &n  annular  groove  is  found  to  be  eaten  out  of  the  plates  by 
corrosion.  This  grooving  extends  sometimes  so  deep  into  the  plate 
that  only  a  thin  shell  of  metal  is  left  on  the  outside  at  the  bottom 
of  the  groove,  as  shown  in  Fig.  3,  which  is  a  Aill  size  section  of  an 
actual  case  of  the  grooving ;  and  the  corrosion  takes  place  so  rapidly 
in  many  cases  that  the  plates  require  renewal  after  only  a  few  years' 
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work.  A  similar  grooving  also  takes  place  along  the  edge  of  the 
inside  lap  at  the  longitudinal  joints,  as  at  D  and  E  in  Fig.  6,  and 
also  at  the  transverse  circular  joints,  as  at  BB  in  Figs.  4  and  5 ;  but 
in  the  latter  case  the  grooving  does  not  occur  so  frequently  nor  is 
the  extent  of  corrosion  so  great  as  at  the  smokebox  end  and  at  the 
longitudinal  joints,  as  seen  in  the  specimens  exhibited  of  corroded 
plates  from  the  different  situations. 

It  has  to  be  remarked  first  that  this  grooving  is  only  found 
below  the  water  line,  showing  that  it  must  be  due  to  the  chemical 
action  of  the  water  on  the  plates;  and  the  special  point  to  be 
enquired  into  is  the  cause  of  this  action  being  so  remarkably 
concentrated  at  the  particular  lines  where  the  grooving  takes  place. 
It  will  be  seen  from  the  specimens  shown,  which  are  taken  from 
locomotive  boilers  that  have  been  at  work  for  various  periods  of 
from  three  years  to  as  much  as  nineteen  years,  that  some  corrosion 
also  takes  place  over  the  general  sur&ce  of  the  plates ;  but  this  is 
very  limited  in  extent  compared  to  the  grooving  at  the  seams,  and 
it  occurs  very  irregularly,  being  apparently  influenced  by  some 
irregularities  in  the  structure  of  the  plates,  causing  them  to  be 
pitted  irregularly  by  the  corrosion. 

In  the  ordinary  construction  of  locomotive  boilers  with  lap 
joints,  as  shovm  in  Figs.  7  and  8,  Plates  13  and  14,  the  barrel  of 
the  boiler  is  constructed  of  three  rings,  each  ring  formed  by  two 
plates  of  7-16ths  inch  thickness,  rivetted  with  lap  joints  FF  and  HH. 
The  general  amount  of  lap  is  2^  inches  for  single-ri vetted  and 
3}  inches  for  double-rivetted  joints.  The  smokebox  and  firebox  are 
each  united  to  the  barrel  of  the  boiler  by  an  angle  iron  KK,  Fig.  8, 
3  inches  or  3)  inches  wide,  welded  into  a  ring.  Geaeral  experience 
has  shown  that  after  five  or  six  years'  wear  of  these  boilers  the 
grooving  action  that  has  been  described  is  developed  at  the  joints 
and  at  the  edge  of  the  angle-iron  rings. 

Now  the  longitudinal  strain  upon  the  joints  of  boilers  constructed 
in  this  manner  tends  to  spring  and  bend  the  plates  at  the  joints, 
when  under  pressure,  into  the  form  shown  exaggerated  in  Fig.  9,  in 
consequence  of  the  plates  not  being  originally  in  the  line  of  strain, 
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as  sliowii  bj  the  dotted  line  8S  in  Fig.  8,  wHch  it  will  be  seen 
mns  along  the  outer  face  of  one  plate  and  the  inner  &oe  of  the 
next.  Also  in  the  longitudinal  joints  of  the  barrel,  shown  at  FF 
in  Fig.  7,  a  similar  mechanical  action  takes  place,  the  strun  acting 
in  the  true  circle  shown  by  the  dotted  line  SS,  springing  and 
bending  the  plates  at  the  edge  of  the  joints,  as  shown  at  G&,  each 
time  that  the  boiler  is  under  pressure.  The  continued  alternation 
of  expansion  and  contraction  in  the  boiler  causes  the  scale  that  is 
deposited  upon  the  plates  from  the  water  to  be  continuallj  broken 
off  at  the  edge  of  the  joints  by  the  mechanical  action  of  this 
springing  and  bending  of  the  plates  at  the  lines  of  the  joints ;  and 
the  plates  are  thereby  laid  bare  at  those  parts  and  kept  continuaQy 
exposed  to  the  corroding  action  of  the  water,  instead  of  being 
protected  from  the  action  of  the  water  by  the  deposited  scale 
remaining  attached  to  them. 

Though  the  corrosion  produced  by  the  water  is  slow  in  action 
and  but  slight  in  effect  on  the  rest  of  the  boiler  plates,  which  are 
protected  by  some  deposit  of  incrustation  remaining  almost  oonstantlj 
upon  them,  it  becomes  yery  serious  on  an  exposed  raw  surface  of 
iron ;  and  this  action  is  particularly  severe  in  the  case  of  locomotive 
boilers,  in  consequence  of  the  total  quantity  of  water  evaporated  in 
a  locomotive  boiler  being  much  greater  in  proportion  to  the  sur£Euse 
of  the  plates  than  in  stationary  boilers.  The  particulars  are  given  in 
the  accompanying  Table  of  the  total  work  done  and  water  evaporated 
during  the  time  they  were  running,  by  the  several  locomotives  of 
which  specimens  are  now  shown  from  the  boilers ;  and  fr^m  these 
particulars  10  million  gallons  of  water  may  be  taken  as  having  been 
evaporated  in  a  locomotive  boiler  during  the  five  to  eight  years  in 
which  the  plates  have  become  corroded  through.  As  this  ia  nearly 
double  the  quantity  evaporated  in  the  same  time  by  an  ordinaiy 
stationary  boiler  having  three  times  the  surface  of  boiler  plate 
exposed  to  the  action  of  the  water,  the  total  work  of  the  locomotive 
boilers  may  be  considered  as  amounting  to  six  times  the  evaporation 
per  square  inch  of  plate  in  the  same  time,  and  the  total  length  of 
working  as  equivalent  consequently  to  frx)m  thirty  to  fifty  years* 
working  of  a  stationary  boiler. 
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Partieulara  of  Looomotwes 
from  which  Bpeoimens  of  Oorroded  Plates  were  taken. 


Knmber 
of 

Yeara 
of 

Miles  ran. 

Water  oonsmned. 

Sngine. 

Workiii£f. 

Gallons. 

99 

8 

88,849 

1,462,774 

121 

XU 

884,711 

5,874,178 

123 

12 

290,880 

5,096,169 

141 

8i 

268,679 

4,715,316 

162 

8J 

255,042 

4,475,967 

187 

8i 

229,099 

8,041,874 

2S5* 

14, 

815,227 

11,064,467 

260 

Mi 

816,891 

11,105,824 

255 

14 

298,559 

10,298,920 

274 

18* 

803,249 

10,644,039 

806 

"i 

229,162 

8,048,587 

806t 

64 

142,808 

6,012,660 

869 

lOi 

246,956 

8,668,155 

875 

8i 

67,072 

2,854,227 

888 

Si 

180,985 

6,852,578 

410 

6f 

158,801 

5,678,915 

422 

8i 

231,035 

8,109,828 

658 

18} 

249,672 

4,881,743 

•  Slangod  tube  plate.        f  After  renewal  with  thiok-edge  plates. 

It  must  further  be  noticed  that  the  pressure  itnder  which  the 
locomotiye  boilers  are  worked  is  much  higher  than  in  the  case  of 
stationary  boilers,  and  the  injnrions  action  caused  by  the  springing 
of  the  plates  at  the  joints  is  therefore  proportionately  increased ; 
and  taking  the  pressures  at  35  lbs.  per  inch  for  the  stationary  boiler 
and  140  lbs.  for  the  locomotive,  this  makes  the  action  four  times 
gpreater  in  the  locomotiye  boiler  from  this  cause,  taking  the  increase 
to  be  only  at  the  same  rate  as  the  increase  in  pressure.  Hence  as 
the  action  is  six  times  greater  from  the  previous  cause,  a  total  is 
given  of  twenty-four  times  as  great  an  extent  of  injurious  action  in 
the  locomotive  boiler  as  in  the  stationary  boiler  in  the  same  length 
of  time.  As  an  iUnstration  of  the  effects  of  increased  pressure  in 
increasing  the  corroding  action,  it  may  be  mentioned  that  this 
grooving  of  the  plates  has  been  found  to  be  materially  increased  in 
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amount  sinoe  tlie  working  pressure  of  looomoiiyes  has  been  increased 
from  100  lbs.  up  to  the  present  140  lbs.  per  inch. 

In  some  of  the  older  classes  of  locomotire  engines  the  writer  baa 
fonnd  that  there  is  an  increased  local  action  of  serions  amcmnt 
caused  in  the  boilers  by  the  rigid  points  of  attachment  to  the  boiler 
barrel,  such  as  frame  stays,  brackets,  Ac.,  which  offer  special  points 
of  resistance  to  the  expansion  of  the  boiler  when  under  pressure. 
A  specimen  of  this  grooving,  taken  fr^m  No.  187  engine  in  the 
preceding  Table,  is  shown  at  GG  in  Figs.  4  and  5,  Plate  12,  caused 
by  the  rigid  attachment  of  the  spectacle-bracket  M  to  the  boiler 
baxrel.  The  result  is  made  worse  when  the  firebox  is  rigidly  fixed 
to  the  frames,  or  not  allowed  fall  freedom  for  expansion  by  the 
proyision  of  a  sliding  bracket;  as  a  great  additional  strain  is 
thereby  thrown  on  the  tube  plate,  springing  the  angle  irons  round 
the  ends  of  the  boiler.  The  expansion  of  a  10  ft.  6  ins.  or  11  ft. 
boiler  barrel  being  about  8-16ths  inch  at  a  pressure  of  140  lbs.  per 
inch,  an  attacbment  to  the  frame  at  any  other  place  besides  the  fixing 
of  the  cylinders  and  tube  plate  at  tbe  front  end  must  subject  the 
boiler  to  a  bending  strain  at  the  points  of  attachment,  causing  a  risk 
of  corrosion  at  these  points.  In  the  Midland  Railway  engines  aU  the 
other  attachments  except  the  smokebox  angle  iron  are  now  removed, 
including  that  of  the  motion  plate  which  carries  the  inner  ends  of 
the  slide  bars  ;  and  the  boiler  is  allowed  in  expanding  to  slide  freely 
throughout  upon  the  frames. 

.  In  the  longitudinal  joints  of  tbe  boiler  the  grooving  from 
corrosion  is  generally  found  to  be  more  marked  when  the  inside  edge 
of  the  lap  fiMses  upwards,  as  at  E  in  Fig.  6,  than  when  it  is  turned 
downwards,  as  at  D.  In  the  f<Mrmer  case  it  may  be  considered  that 
the  deposit  will  collect  upon  the  projecting  ledge  in  lai^^  qnantitieB, 
forming  a  thickness  of  deposit  sufiicient  to  be  detached  bodily  by  the 
springing  of  the  plate  under  pressure ;  and  it  will  consequently 
leave  the  bare  plate  mord  frequently  and  extensively  exposed  to  the 
direct  action  of  the  water,  than  when  the  edge  of  the  plate  faces 
downwards,  as  at  D,  because  in  the  latter  case  the  thinner  film  of 
deposit  will  not  be  so  readily  and  frequently  detached  from  the 
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pkte  by  the  same  action.  It  maat  be  borne  in  mind  that  the 
eaHhjr  deposit  its^,  being  chemically  netcfcral,  cannot  have  any 
injnrions  action  upon  the  plate ;  except  in  the  case  of  a  stationary 
boiler  heated  from  an  external  fine,  where  nndae  heating  and 
expansion  of  the  plate  are  caused  wherever  its  inner  surface  is 
separated  from  the  water  by  any  considerable  thickness  of  non- 
condacting  deposit. 

In  the  preceding  Table  are  given  the  particnlani  of  seventeen 
locomotives  on  the  Midland  Railway,  from  which  the  specimens 
now  exhibited  of  corroded  plates  were  taken ;  showing  the  length  of 
time  of  working  and  the  mileage  and  consumption  of  water  before 
the  plates  had  become  so  defective  as  to  require  removal.  The 
average  result  is  10}  yecure'  working,  255,645  miles  ran,  and' 
7,618,778  gallons  of  water  consumed  by  each  engine. 

In  the  case  of  the  boilers  constructed  in  the  ordinary  manner, 
as  already  described,  the  plates  cut  out  show  the  grooving  action  of 
the  corrosion  below  the  water  line,  while  they  are  comparatively 
clean  above.  In  No.  2B5  engine  the  tube  plate  was  flanged  and 
rivetted  inside  the  boiler  barrel ;  and  the  result  of  working  shows 
the  advantage  of  this  mode  of  construction  over  the  ordinary  angle* 
iron  joint,  since  the  plates  at  the  smokebox  end  are  not  grooved 
along  the  end  of  the  flange,  as  they  wotdd  have  been  with  an 
external  angle  iron.   . 

From  tiie  foregoing  consideration  of  the  subject  it  tbere&re 
appears  that  the  special  corrosion  of  the  plates  at  the  joints  is  to  be 
attributed  to  the  combined  operation  of  chemical  and  mechanical 
causes,  the  ehemical  action  of  the  water  in  the  boiler  being 
concentrated  upon  those  particular  parts  in  consequence  of  the 
mechanical  action  produced  at  those  parts  by  the  strain  upon  the 
plates.  That  the  combination  of  these  two  causes  is  requisite  for 
producing  this  effect  is  shown  by  the  middle  of  the  plates  being  free 
from  it,  where  they  are  exposed  to  the  chemical  action  alone,  without 
the  mechanical  action  \  and  further  by  the  jointB  in  the  upper  part 
of  the  boiler  above  the  water  line  being  also  free  from  it,  where 
exposed  to  the  mechanical  action  alone,  without  the  chemical 
action.    The  removal  of  one  of  these  causes  will  therefore  be 


62  C0BB08I0N  OF  LOCOMOTIYE   BOZLEBS. 

sisflLcieB^;  and  in  tlie  looomotive  bailers  im>w  to  be  described  this 
ol^ect  Has  been?  aimed  at  by  removing  the  mechanical  caose  wliich 
produoedithe  springing  of  the  plates  at  the  joints. 

From  the  partienlars  already  given  of  the  corrosion  which  takes 
plaoe  in  Jocomotiye  boilers,  it  i^pears  that  the  greatest  injury  takes 
place  at  the  smokebox  end  of  the  barrel,  where  there  is  not  only  a 
great  and  sudden  change  in  the  thickness  and  rigidity  of  the  plates 
at  the  edge  of  the  angle  iron,  as  at  J  in  Fig.  8,  bat  also  a  leyerage 
for  the  springing  of  the  plate  from  the  outer  line  of  rivets,  as  at 
L  in  Fig<  9.  The  consequence  is  the  bending  of  the  plate  at  the 
point  J,  as  in  Fig.  9,  each  time  of  being  under  pressure  of  steaan, 
owing  to  the  outer  line  of  rivets  L  being  entirely  outside  of  the 
line  of  strain  S  of  the  boiler  plates.  There  is  also  a  great  tendency 
to  injury  of  the  angle  iron,  by  this  action  tending  to  split  it  between, 
the  rivet  holes  at  the  outer  line  of  rivets  L. 

The  present  plan  adopted,  on  the  Midland  Bailway  is  found  to 
obviate  the  injury  previously  experienced  from  corrosion ;  and  this 
is  accomplished'  by  the  use  of  plates  rolled  with  thickened  edges, 
as  showa  in.  seoti<m  in  Fig.  19,  Plate  17,  and  shown  exaggerated  in 
thickness  in  Figs.  10  and  11.  The  ordinary  thickness  of  7-16ihs 
inch  ijB  preserved  in  the  body  of  the  plate,  and  tha  edges  are  thickened 
to  5-8ths  inch,  with  a  long  gradual  taper  in  the  thickness  from  1  to 
I,  Fig.  19^  about  4  inches  length.  The  effect  of  this  long  taper  is 
that,  when  the  plate  is  flanged,  as  at  N,  in  order  to  do  away  with 
the  angle  iron,  the  taper  ensures  a  gradual  springing  of  the  plate^ 
distributed  over  all  that  length,  instead  of  the  sudden  bendixig 
coAcenirated  at  one  point,  as  at  J  in  Fig.  9. 

A  similar  section  of  thick-edge  plate  is  also  used  at  the 
transverse  circular  joints,  as  shown  in  Figs.  10  and  11,  causing  a 
gradual  springing  of  the  plates  over  a  considerable  length  when 
under  pressure,  as  in  Fig.  11,  instead  of  the  former  sudden  bending 
at  one  point,  as  in  Fig.  9.  There  is  also  an  increased  strength 
gained  by  this  mode  of  eonstructian,  as  the  increased  thickness  of 
the  plates  between  the  rivet  holes  oompensates  for  the  loss  of  section 
by  the  holes. 
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The  practical  workiiig  of  the  thick-edge  plales  ifl  shown  by  the 
speeimen  exhibited  from  No.  306  engine  in  the  preceding  Table.  The 
original  boiler  of  this  engiae,  constructed  in  the  ordinary  manner, 
was  removed  after  11;^  years'  working,  as  the  plates  were  much 
grooved  and  pitted ;  and  a  new  boiler  constructed  with  the  thick- 
edge  plates  was  substituted,  which  has  continued  at  work  6^  years  to 
the  beginning  of  the  present  year.  It  was  then  found  that  the 
plates  were  free  from  grooving,  although  they  were  badly  pitted. 

A  consideration  of  the  ordinary  construction  of  locomotive 
boilers  and  their  defects  shows  that  their  construction  admits  of 
important  improvement  in  the  baiTel,  by  removing  the  injurious 
strains  resulting  from  the  employment  of  lap  joints,  which  throw 
the  plates  out  of  the  line  of  strain,  and  by  making  the  barrel  truly 
cylindrical  and  circular  throughout.  These  objects  are  effected  by 
welding  the  longitudinal  joints  of  the  three  rings  forming  the 
boiler  barrel,  and  making  these  rings  all  exactly  the  same  diameter, 
uniting  them  to  one  another  with  flush  butt  joints.  This  plan  is 
now  carried  out  upon  the  Midland  Baiiway,  as  shown  in  Figs.  16, 
17,  and  18,  and  exaggerated  in  thickness  in  Fig.  12,  Plate  15.  The 
meeting  ends  of  each  ring  are  turned  in  a  lathe,  and  united  by 
covering  strips  0  O,  formed  of  welded  flush  rings,  shrunk  on  over 
the  joints  and  double-rivetted.  Strengthening  hoops  P  P  are  also 
shrunk  on  the  centre  of  each  of  the  plates,  crossing  the  longitudinal 
welded  joints,  and  are  secured  by  a  few  rivets.  These  hoops  and 
covering  strips  for  the  joints  are  carefrdly  blocked  before  being 
shrank  on,  and  the  whole  of  the  rivet  holes  are  drilled  after  the 
hoops  are  in  their  places. 

These  boilers  are  consequently  truly  cylindrical  at  all  parts,  and 
no  strain  to  which  they  are  subjected  has  any  tendency  to  change 
their  circular  form.  The  eflect  of  the  longitudinal  strain  upon  the 
transverse  circular  joints,  as  in  Fig.  13,  is  found  to  be  altogether 
inappreciable  in  practice,  because  the  covering  rings  0  0  could  not 
yield  to  it  without  contracting  in  circumference  in  the  form  of  a 
double  cone.  Fig.  18;  and  on  this  account,  together  with  their 
greater  thickness,  they  ofier  a  greatly  increased  resistance  as 
compared    with    simple  lap  joints.      All    possible    effect    of  the 
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longitudinal  strain  might  indeed  be  entirely  got  rid  of,  if  desired,  by 
the  i^ther  addition  of  inside  covering  strips  at  the  butt  joints,  as 
shown  in  Figs.  14  and  15.  At  present  the  circular  plates  of  these 
welded  boilers  are  in  two  semicircular  segments  for  the  circumference 
of  the  boiler,  and  therefore  require  two  welds ;  but  the  writer 
thinks  the  barrel  of  the  boiler  would  be  improved  if  each  length 
were  made  of  one  plate  only,  whereby  only  one  longitudinal  weld 
would  be  necessary. 

A  remarkable  corroboration  of  the  correctness  of  this  mode  of 
construction  is  given  by  the  samples  exhibited  from  No.  658  engine, 
the  boiler  of  which  was  constructed  with  butt  joints  all  flnsh 
throughout,  the  transverse  joints  being  covered  by  external  hoops 
and  the  longitudinal  joints  by  internal  strips.  This  boiler  has  been 
at  work  nearly  19  years,  having  been  started  in  1847  ;  but  the  engine 
being  of  smaller  size  than  those  now  used  with  trains  has  only  been 
employed  as  a  spare  engine  for  some  years  past.  The  plates  of  the 
boiler,  which  are  the  original  ones  and  have  never  been  repaired  at 
any  part,  are  all  good,  and  the  grooving  has  not  taken  place  at  the 
butt  joints,  a  little  irregular  pitting  alone  being  visible  on  the 
inside  of  the  plates.  The  boiler  has  now  been  cut  up  only  on 
account  of  the  engine  being  abandoned  from  the  great  length  of 
time  it  has  been  worked.  The  remarkable  contrast  shown  by  the 
freedom  of  the  butt  joints  in  this  boiler  from  the  grooving  so 
universal  with  the  lap  joints  in  the  ordinary  boilers  appears  only 
to  admit  of  being  accounted  for  by  the  difference  of  construction 
of  the  joints  in  the  two  cases.  In  another  engine  of  the  same  class, 
which  was  last  broken  up,  after  attaining  the  maximum  mileage  of 
343,000  miles,  the  boiler  plates  were  very  badly  grooved  at  the 
angle-iron  joint  at  the  smokebox  end,  showing  that  this  part  of 
the  boiler  remained  as  defective  as  in  the  ordinary  boilers,  the 
construction  being  the  same  as  regarded  this  joint ;  while  the  rest 
of  the  joints  being  butt  joints  were  free  from  the  grooving. 

The  flanging,  Jdending,  and  welding  of  the  thick-edge  plates 
for  forming  the  boiler  barrel  JBire  performed  by  the  aid  of  machines 
specially  designed  for  the  purpose,  which  are  shown  in  Plates  18 
to  24. 
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The  Flanging  Machine  is  shown  in  Figs.  20  to  22,  Plates  18 
and  19.  It  consists  of  a  horizontal  table  A,  on  which  the 
thick-edge  plate,  shown  black,  having  been  previously  heated,  is 
laid  and  secured  by  clamps,  being  poshed  forwards  against  the 
adjustable  stop  6,  Figs.  20  and  21,  so  that  the  thick  edge  projects 
beyond  the  edge  of  the  table  to  the  required  extent  for  forming  the 
flange.  The  roller  C  is  then  brought  down  with  a  slow  motion 
by  the  eccentrics  D,  as  shown  in  Fig.  21,  being  firmly  held 
by  guides  E  at  each  end  in  the  frame  of  the  machine ;  and  the 
edge  of  the  plate  is  thus  gradually  bent  down  to  form  the  flange. 
The  table  A  is  made  to  slide  upon  the  bed  F  of  the  machine,  and  is 
set  up  by  adjusting  screws  G-  to  the  required  amount  of  clearance 
from  the  bending  roller  C,  according  to  the  thickness  of  the  plate  to 
be  flanged.  The  front  edge  of  the  table  is  flskced  with  a  separate 
wrought  iron  or  cast  iron  edge-piece  I,  which  can  be  removed  and 
changed  for  another  having  a  different  curve  for  the  edge,  according 
to  the  curve  that  is  desired  in  the  neck  of  the  flange.  The 
holding-down  bar  H  is  screwed  down  tight  upon  the  plate, 
immediately  behind  the  edge  of  the  table,  so  as  to  hold  the  plate 
down  flat  on  the  table  while  the  flange  is  being  bent  by  the  roller. 
The  working  speed  of  this  machine  is  7  double  strokes  per  minute. 

The  Bending  Machine,  for  bending  the  thick- edge  plates  into 
the  semicircle  to  form  the  boiler  barrel,  is  shown  in  Figs.  23  and  24, 
Plates  20  and  21.  It  consists  of  three  horizontal  rollers,  of  which  the 
two  lower  ones  AA  are  carried  in  fixed  bearings  at  each  end  in  the 
frame  of  the  machine ;  while  the  third  roller  B  slides  vertically  in 
the  frame,  and  is  lowered  by  the  screws  CO  at  each  time  of  passing 
the  plate  through  the  rolls,  to  give  the  required  degree  of  curvature 
to  the  plate.  The  screws  CO  were  at  first  worked  by  hand,  but  are 
now  driven  by  gearing  from  the  main  shaft.  As  the  thickness  of 
the  body  of  the  plate  is  only  7-16ths  inch,  while  the  thickness  of  thfe 
edges  is  5-8ths  inch,  a  liner  plate  3-16ths  inch  thick  is  laid  over 
the  body  of  the  boiler  plate  in  the  bending  process,  in  order  to  make 
up  the  same  thickness  of  5-8ths  inch  throughout  for  passing  through 
the  rolls ;  and  the  liner  plate  is  afterwards  flattened  again  ready  for 
Bubeequent  use.     At  one  end  of  each  of  the  lower  rollers  AA  is  a 
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groove  D  to  receive  the  flange  of  the  plate ;  this  groove  is  shown 
enhirged  in  Fig.  26,  and  is  formed  by  a  glut-piece  or  ring  E,  screwed 
upon  the  roller  spindle  F  and  tightened  bj  a  set  screw  G,  hj  means 
of  which  the  width  of  the-  groove  can  be  increased  or  diminished 
according  to  the  thickness  of  the  flange  of  the  plate.  A  corresponding 
groove  is  provided  at  the  opposite  end  of  the  npper  roller  6,  to 
allow  of  bending  plates  with  the  flange  inside  instead  of  outside.  In 
order  to  obtain  a  sufficient  hold  npon  the  plate  to  pass  it  through 
the  rolls,  the  snr&ces  of  all  the  rollers  are  fluted  longritndinally  with 
shallow  flntes  at  1^  inch  pitch,  as  shown  in  Fig.  26,  and  enlarged  to 
half  fall  size  in  the  section,  Fig.  25.  The  lower  rollers  only  are 
driven  by  gearing,  the  npper  roller  being  merely  a  pressing  roller 
for  giving  the  required  curvature  to  the  plates,  and  weighing  about 
25  cwts.  The  working  speed  of  the  rollers  is  3  revolutions  per 
minute,  or  about  12  feet  per  minute  speed  of  surfluse. 

The  two  semicircular  plates  are  then  welded  together  into  a 
single  ring  to  form  one  length  of  the  boiler  barrel.  The  edges  to 
be  welded  are  first  heated  in  the  fire  at  A,  Fig.  29,  and  upset 
sufficiently  to  give  the  required  thickness  of  metal  for  forming  the 
scarf  weld.  A  welding  heat  is  then  taken  on  a  short  length  oi  the 
joint  of  the  plates,  and  the  plates  B  are  welded  together  along  the 
joint  upon  the  Welding  Anvil,  shown  in  Figs.  28  and  29,  Pbte  22. 
The  anvil  face  C  is  shaped  to  the  internal  diameter  of  the  boiler 
barrel,  and  is  separate  from  the  pedestal  D  of  the  anvil^  so  that  it  can 
be  exchanged  for  other  sizes  of  face,  according  to  the  diameter  of  the 
boiler.  During  the  heating  and  welding,  the  plates  B  are  held  in 
the  circular  frame  E,  in  which  they  are  securely  clamped ;  and  the 
frame  E  being  slung  from  a  crane,  the  plates  are  readily  handled. 
The  two  ends  of  the  joint  are  first  taeked  together  by  welding,  to 
secure  the  correct  diameter  of  barrel,  and  the  joint  is  then  welded 
in  short  lengths  from  the  centre  towards  each  end. 

The  lings  of  the  boiler  barrel  when  welded  up  are  blocked,  to 
test  them  by  stretching  and  bring  them  to  the  diameter  of  the 
boiler.  For  this  purpose  the  rings  are  first  heated  in  the  Blocking 
Furnace  shown  in  Figs.  30  and  31,  Plate  23,  having  the  fire- 
grate A  under  the  centre,  with  six  chinmey  flues  GO  round  the 
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drcnmference.  The  ring  B  to  be  heated  is  put  in  from  the  top, 
and  placed  on  end,  with  the  heat  from  the  fire  passing  up  through 
the  inside  of  the  ring  and  then  down  all  round  the  outside  to  the 
flues,  so  as  to  give  a  uniform  heat  to  the  ring. 

The  ring  is  then  put  on  the  Blocking  Press,  shown  in  Figs.  32 
and  33,  Plate  24 ;  which  is  an  ordinary  hydraulic  wheel-tyre 
blocking  press,  worked  by  a  centre  cone  D  forcing  out  the 
blocking  segments  EE.  These  blocking  segments  are  carried  up 
for  the  purpose  and  strengthened  by  brackets,  as  shown  in  the 
drawing.  One  half  of  the  height  of  the  ring  B  is  blocked  at  once  ; 
and  the  ring  is  then  turned  over  for  blocking  the  other  half. 


The  welded  joints  of  these  boilers  have  been  tested  by  a  series  of 
experiments  upon  the  tensile  strength  of  strips  of  plate  cut  out  across 
the  weld,  which  were  taken  from  several  boilers  from  the  opening  cut 
oat  for  the  steam  dome  B,  Fig.  16.  Three  sets  of  strips  were  tested, 
of  1,  If,  and  If  inch  width  respectively,  and  each  7j  inches  length, 
cnt  out  of  the  plate  transversely  to  the  weld,  which  was  in  the 
middle  of  each  piece.  The  following  was  found  to  be  the  average 
breaking  strength  per  square  inch  of  these  strips : — 

Expervments  to  test  strength  of  Welded  Joints. 


Width 

of 
Strips. 

No.  of 
Strips 
tested. 

Broke 

in 
Wold. 

Broke 

in 
Solid. 

Breaking  Strength  per  square  inch. 

Least. 

Greatest. 

Average. 

Inoli. 

1 

11 

15 

4 
4 

8 
2 

1 

7 

2 

1 

3 

Tons. 
165 

19-6 

181 

Tons. 
23-8 

22-2 

23-5 

Tons. 
20-2 

21-0 

21-7 

Total        23 

11 

12 

16-5 

23-8 

20-6 

Also          11   Strips  of  the  same) 

plates  uwwelded) 

20-7 

25-8 

2a-6 

From  these  results  it  appears  that  more  than  half  of  the  strips  broke 
in  the  solid  and  not  at  the  weld,  and  the  average  breaking  strength 
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of  tbe  23  welded  plates  was  within  l-8tli  of  the  full  strengih  of  the 
11  unwelded  plates ;  while  the  worst  pieces,  inclnding  some  cas^ 
of  as  extremely  defective  weld  as  are  at  all  likely  to  occur  in 
practice,  had  more  than  two  thirds  of  the  fnll  strength  of  the 
nnwelded  plates. 

In  reference  to  the  cost  of  construction  of  the  welded  boilers  in 
comparison  with  the  ordinary  class  of  lap-jointed  single-rivetted 
boilers  with  angle-iron  ends,  it  has  to  be  noted  that  there  is  an 
increase  of  weight  of  1|  ton  in  the  new  boilers,  the  weight  of  the 
11  ft.  boilers,  3  ft.  11  ins.  diameter,  being  7f  tons  as  compared  with 
6i  tons  in  the  old  class  of  boilers  of  the  same  dimensions.  This 
increase  apses  from  the  thick-edge  plates,  and  from  the  hoops  and 
joint  strips,  which  weigh  about  2^  cwts.  each ;  and  the  joints, 
instead  of  being  single-ri vetted,  are  double-Hvetted.  on  each  side 
of  the  joint,  making  four  rows  of  rivets. 

The  total  cost  for  labour  and  material  is  £465  in  the  new  boil^^ 
as  compared  with  £415  in  the  old  class,  being  an  increase  of  £50  in 
each  new  boiler.  The  labour  alone  in  the  new  boiler  is  £65  as 
compared  with  £55  in  the  old  class,  being  £10  increase  in  the  new 
boiler.  In  these  costs  however  the  whole  labour  is  taken  as  hand 
work  in  both  cases  ;  but  from  the  present  experience  it  appears 
that  the  item  of  labour  in  flanging  and  bending  is  now  reduced 
more  than  one  half  by  the  use  of  the  flanging  and  bending  machines 
that  have  been  described.  In  the  construction  of  the  new  boilers 
the  cost  of  welding,  as  regards  labourj  has  averaged  7#.  per  lineal 
foot  of  joint.  The  cost  of  the  welding  tackle,  as  shown  in  the 
drawings,  has  been  £25  to  £30. 

There  have  been  nineteen  of  these  welded  boilers  in  constant  use 
upon  the  Midland  Railway  for  the  last  6|  years,  and  the  result  has 
proved  so  thoroughly  satisfactory  that  this  construction  has  now 
been  permanently  adopted  for  the  engines  of  this  line.  Up  to  the 
present  time  all  these  nineteen  boilers  have  been  examined  once, 
(md  have  been  found  in  good  condition  ;  the  mileage  of  each  during 
the  6^  years  that  they  have  been  running  has  been  equal  to  about 
175,000  miles,  and  each  boiler  has  had  one  set  of  tubes  worn  out 
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.3  yet  however  they  show  no  signs  of  grooTing  even  at  the  flanged 
ads,  where  the  greatest  corrosion  took  place  in  the  old  conetraction 
ith  the  angle-iron  jointa.  Two  of  these  hoilera  have  been  examined 
vice,  and  were  also  found  to  be  in  good  condition  at  the  second 
Kamisation. 


Mr.  W.  KiBTiiET  exhibited  alargennmber  of  speoimens  of  corroded 
ilatea  from  locomotive  boilers  of  the  ordinary  constmction,  together 
vith  specimens  of  the  thick-edge  plates,  flanged  and  bent ;  and 
Jbo  the  strips  of  welded  plate  that  had  been  broken  in  testing  the 
itrength  of  the  welded  joints. 

Mr.  W.  NiYLOR  thought  the  importance  of  the  sabject  bronght 
'orwards  in  the  paper  jnst  read  was  sufficiently  established  by  the 
act  which  had  been  mentioned  of  there  having  been  as  many  as 
ileven  explosions  of  locomotive  boilers  daring  the  last  year,  due 
nainly  to  the  efiects  of  corrosion.  The  increase  of  pressure  that 
lad  taken  place  in  locomotive  boilers  during  the  last  thirty-five 
rears,  &om  bO  lbs.  to  as  much  as  160  lbs.  per  square  inch,  had  no 
lonbt  much  to  do  with  the  repeated  explosions  that  still  occurred  ; 
uid  though  he  believed  the  high  pressure  of  160  lbs.  had  been 
Mlopt«d  for  the  sake  of  economy  in  the  application  of  the  steam,  he 
doubted  whether  economy  was  reaUy  gained  by  it  in  practice, 
taking  into  consideration  the  greater  wear  and  tear  of  the  boiler 
and  gearing;  but  even  if  that  were  the  case  he  thought  that  safety 
should  be  the  first  consideration,  and  economy  might  then  foUow. 
At  present  it  was  clear  from  so  large  a  number  of  explosions  having 
occurred  during  the  past  year  that  safety  was  giving  way  to 
economy  ;  and  he  strongly  recommended  that  the  working  pressure 
should  be  reduced  from  160  lbs.  to  not  more  than  120  lbs.  per  square 
iach. 
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The  constraction  of  boiler  described  in  the  paper  appeared  to 
bim  certainlj  a  step  in  the  right  direction,  by  getting  rid  of  the 
strains  which  caused  the  corrosion  to  produce  snch  serious  effects 
in    ordinary    locomotive    boilers.      The    defects    of  the   present 
constraction  of  locomotive  boilers  with  rivetted   lap  joints,  and 
the  danger  of  employing  a  high  pressure  of  steam  with  sach  a 
constraction,  were  rendered  apparent  even  in  the  testing  of  the 
boilers  by  hydraulic  pressure,  before  they  were  put  to  work.    For 
in  testing  boilers  of  50  inches  diameter  in  the  barrel  and  60  inches 
across  the  firebox,  with  water  pressure  up  to  200  lbs.  per  square 
inch,  the  joints  were  found  to  appear  sound  up  to  about  150  or 
160  lbs.,  but  when  the  pressure  was  increased  to  200  lbs.  there 
were  numerous  leakages  at  the  joints,  showing  that  joints  so  made 
were  not  sound  under  so   high  a  pressure.     Taking  the  direct 
tensile  strain  upon  the  iron,  if  the  plates  were  \  inch  thick  the 
tensile  strain  with  a  diameter  of  60  inches  and  the  pressure  of 
200  lbs.  per  square  inch  amounted  to  12,000  lbs.  or  neariy  5;  tons 
per  square  inch  on  the  section  of  the  iron ;  and  therefore  at  the 
longitudinal  lap  joints  there  was  a  force  of  5|  tons  per  square  inch 
acting  at  a  leverage  of  \  inch  to  spring  the  joint  open  and  bend  the 
plates,  while  at  lower  pressures  the  strain  upon  the  joints  was 
proportionately  less.      Hence  taking  into  account  the  continual 
variations  of  pressure  to  which  locomotive  boilers  were  subjected 
in  working,  he  fully  concurred  in  the  view  given  in  the  paper,  that 
it  was  the  mechanical  action  of  the  strain  upon  the  lap  joints  which 
produced  the  serious  effects  of  corrosion  that  were  observed.    This 
was  also  confirmed  by  the  experience  of  locomotive  boilers  made 
with  butt  joints  instead  of  lap  joints,  as  in  the  case  mentioned  in 
the  paper  of  the  boiler  made  by  Messrs.  Sharp  Roberts  and  Co.  in 
1847  (No.  658),  where  there  was  no  grooving  at  the  butt  joints; 
and  he  had  lately  examined  a  similar  boiler  made  by  Messrs. 
Slaughter,  which  showed  no  signs  of  grooving  after  twenty  years' 
work.     It  was  true  these  boilers  had  not  been  subjected  to  anj 
excessive  pressure,  such  as  160  lbs.  per  square  inch ;  but  the  entire 
absence  of  Airrows  at  the  joints  after  that  long  period  of  working 
was  nevertheless  a  satis&ctory  proof  of  the  advantage  of  butt 
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joints.  The  longitadmal  tensile  strain  upon  the  plates  forming  the 
barrel  of  the  boiler  was  not  nearly  so  great  as  the  lateral  strain,  for 
the  area  of  the  ends  was  mnch  smaller  in  proportion  to  the 
circumference  by  which  the  strain  was  borne;  but  with  the 
leverage  afforded  by  the  lap  joints^  this  amount  of  strain  was  still 
sufficient  to  produce  the  serious  grooving  that  was  found  at  the 
transverse  circular  joints  of  the  boiler  barrel,  and  at  the  angle-iron 
joints  at  the  smokeboz  and  firebox  ends. 

The  ri vetting  of  the  joints  in  boilers  was  also  a  source  of 
weakness  in  the  constmction.  For  with  the  ordinary  |  inch  rivets 
placed  at  2  inches  apart  centre  to  centre  there  was  only  56  per 
cent,  of  the  metal  left  at  the  rivetted  joints  as  compared  with  the 
body  of  the  plates.  At  the  same  time  the  plates  were  to  a  certain 
extent  deteriorated  by  the  strain  put  upon  the  iron  in  punching  the 
rivet  holes;  and  he  had  found  by  experiment  that  the  strength 
was  as  much  as  10  per  cent,  less  after  punching  the  holes,  as 
compared  with  drilling  them,  when  there  would  be  no  strain  put 
upon  the  fibre  of  the  iron  in  making  the  rivet  holes.  Altogether 
tberefore  the  strength  at  the  rivetted  joints  could  not  be  taken  as 
more  than  about  50  per  cent,  of  that  of  the  solid  plates,  and  hence 
it  was  highly  important  that  some  other  mode  of  uniting  the  plates 
sbould  be  adopted  ;  and  he  thought  the  welding  of  the  longitudinal 
joints,  as  described  in  the  paper,  was  decidedly  a  good  plan,  and 
tbe  specimens  exhibited  of  the  welded  plates  that  had  been  tested 
sbowed  that  the  welding  had  been  very  satisfactorily  accomplished. 
Although  this  was  the  best  mode  of  construction  that  had  yet  been 
adopted,  it  still  involved  the  risk  of  the  weld  being  unsound,  to 
which  all  welding  was  exposed ;  and  he  believed  there  would  be  a 
still  further  improvement  effected  before  long,  by  having  the  several 
lengths  of  the  boiler  barrel  rolled  each  complete  in  a  solid  hoop, 
without  any  longitudinal  joint,  in  the  same  way  that  tyres  were 
already  rolled  out  of  a  solid  piece  of  metal  without  any  weld. 

He  agreed  with  the  statement  made  in  the  paper  as  to  the 
corrosion  being  much  more  serious  below  the  water  line  than 
above ;  but  there  were  also  certain  places  above  the  water  line  in 
locomotive  boilers,  where  he  had  observed  the  effects  of  corrosion 
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to  be  particnlarlj  marked,  and  these  were  along  the  top  comer  of 
the  back  plate  of  the  firebox  shell,  and  at  the  angle-iron  joint  round 
the  base  of  the  steam  dome.  In  both  of  these  places  he  had  fbimd 
a  oonsiderable  grooving  in  sereral  boilers  that  he  had  examined ; 
and  it  would  be  remembered  that  in  the  case  of  a  recent  explosion  of 
a  locomotive  boiler  on  the  Metropolitan  Railway  it  had  been  found 
that  the  steam  dome  had  been  blown  off,  which  no  doubt  was  doe  to 
corrosion  having  taken  place  round  the  base  of  the  dome,  the 
mechanical  action  of  the  bending  of  the  plates  under  pressure  being 
concentrated  at  that  part  in  consequence  of  the  hole  cut  out  for  the 
steam  dome. 

Mr.  F.  W.  Webb  remarked  that,  in  reference  to  the  working 
pressure  employed  in  locomotive  boilers,  the  pressure  in  the 
locomotives  on  the  London  and  North  Western  Bailwaj  was 
limited  to  120  lbs.  per  square  inch,  and  that  had  been  the  limit 
for  many  years  past.  The  plan  that  had  been  long  adopted  on  the 
same  line  for  partially  obviating  the  defects  of  the  ordinary  lap 
joints  had  been  the  telescopic  form  of  boiler,  in  which  tbe 
circumference  of  the  successire  plates  was  smaller  towards  the 
smokebox  end  of  the  barrel,  each  successive  plate  being  put  inside 
the  preceding  one,  so  that  the  strain  was  more  nearly  in  the  line  of 
the  plates,  though  not  entirely  so ;  and  by  this  means  the  bending 
action  upon  the  transverse  circular  lap  joints  was  considerably 
reduced.  This  did  not  however  make  such  a  perfect  job  as  the  butt 
joints  with  outside  cover  plates,  of  which  they  had  now  had  ten 
years'  experience  on  the  London  and  North  Western  Railway  for  the 
longitudinal  joints.  A  great  many  of  these  boilers  with  butt  joints 
had  been  examined,  and  there  had  not  been  any  corrosion  observed 
along  the  longitudinal  joints,  as  the  plates  were  not  subjected  to  any 
material  bending  at  those  joints ;  but  a  considerable  grooving  had 
been  found  to  take  place  at  the  transverse  joints,  opposite  to  the 
edge  of  the  outside  lap ;  and  there  was  the  usual  deep  grooving  at 
the  angle-iron  joints  at  the  smokebox  and  firebox  ends,  where  the 
bending  action  still  came  into  play. 

The  grooving  which  had  been  mentioned  aa  taking  place  akng 
the  top  comer  of  the  back  plate  in  the  firebox  shell  was  not  owing 
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SO  mncli  to  corrosion,  be  thouglit,  as  to  the  severe  bending  strain 
thrown  upon  that  part,  whenever  the  firebox  end  of  the  boiler  was 
not  left  perfectly  free  between  the  ^mes  so  as  to  allow  for 
expansion  and  contraction.  In  the  case  of  six  engines  that  had 
been  handed  over  to  the  London  and  North  Western  Railway  &om 
another  line,  the  plates  were  observed  to  appear  much  corroded  at 
this  pointy  and  became  worn  through  after  three  years'  longer 
working,  and  the  wear  conld  not  be  explained  at  the  time ;  but  in 
repairing  the  engines,  the  firebox  end,  which  had  previously  been 
rigidly  attached  to  the  frames,  was  left  free  to  slide,  and  after  that 
there  was  no  further  difficulty  from  corrosion  at  this  part  of  the 
boiler. 

The  Chairman  enquired  whether  any  trial  had  been  made  to 
ascertain  what  would  be  the  extent  of  corrosion  in  a  boiler  that  was 
not  at  work,  leaving  the  boiler  ^1  of  water  for  a  length  of  time  and 
using  it  in  fact  merely  as  a  tank,  and  whether  the  corrosion  would 
then  occur  at  the  same  places  where  it  was  now  found  in  the  boilers 
at  work. 

Mr.  F.  W.  Webb  did  not  know  of  any  experiment  of  that  sort 
having  ever  been  tried ;  but  it  was  not  likely  that  any  grooving  at 
the  joints  would  take  place  when  the  boiler  was  not  subjected  to  the 
mechanical  action  &om  the  alternation  of  the  pressure.  In  the 
locomotive  boilers  on  the  London  and  North  Western  Railway  the 
present  practice  was  to  form  each  length  of  the  barrel  out  of  a 
single  plate  bent  round  into  a  complete  circle,  so  as  to  have  only  a 
single  longitudinal  joint  instead  of  two ;  and  this  joint  was  then 
turned  to  the  upper  side  of  the  barrel,  so  as  to  be  in  the  steam  space 
above  the  water  line,  whereby  they  had  now  almost  entirely  got  rid 
of  the  difficulty  of  corrosion  along  the  longitudinal  joint. 

The  corrosion  over  the  general  surface  of  the  plates  depended 
a  good  deal,  he  believed,  upon  whether  the  boiler  was  fitted  with 
iron  tubes  or  brass  tubes,  particularly  where  the  water  employed  in 
the  boiler  had  any  acid  properties.  For  in  the  case  of  locomotives 
running  upon  some  parts  of  the  Yorkshire  section  of  the  London 
and  North  Western  Railway  where  the  water  was  of  a  very  acid 
quality,  he  noticed  that  in  boilers  having  iron  tubes  it  was  found 
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the  general  surface  of  fcbe  plates  was  not  injured,  on  examining 
them  when  the  tubes  were  taken  out  after  five  or  six  years*  work; 
but  the  corresponding  boilers  working  under  the  same  circumstaaoes 
with  brass  tubes  were  found  to  have  the  plates  very  badly  pitted 
all  over,  which  was  no  doubt  owing  to  some  galvanic  action 
between  the  brass  and  iron. 

The  injurious  effects  of  straining  in  locomotive  boilers  by  alternate 
expansion  and  contraction  were  plainly  shown  in  connection  with 
the  use  of  the  injector  for  supplying  the  feed  water  to  the  boilerB. 
The  injector  being  originally  placed  at  the  side  of  the  firebox, 
delivering  the  feed  water  in  at  that  part,  it  was  found  that  the 
constant  straining  of  the  outside  firebox  plate,  from  the  continued 
changes  of  temperature  owing  to  the  intermittent  stream  of  feed 
water  supplied  by  the  injector,  caused  the  plate  in  a  short  time  to 
become  nearly  cut  through  at  the  bottom  close  to  the  foundation 
ring  of  the  firebox.  This  was  partly  due  however  to  want  of 
proper  management  on  the  part  of  the  enginedriver  in  regulating 
the  feed  according  to  the  rate  of  evaporation  in  the  boiler,  so  that 
he  was  continually  turning  the  injector  on  and  off;  but  with  proper 
care  the  injector  could  be  so  regulated  as  to  deliver  a  constant 
stream  of  feed  water  into  the  boiler,  in  which  case  the  firebox  plate 
was  kept  at  a  more  uniform  temperature,  and  did  not  become 
injured  by  straining. 

Mr.  J.  Fernib  remarked  that,  with  regard  to  the  grooving 
which  had  been  mentioned  of  the  back  plate  of  the  firebox  along  the 
top  corner  above  the  water  line,  he  had  also  noticed  the  same 
occurrence  in  locomotive  boilers  which  he  had  examined ;  but  he 
believed  that  in  every  case  which  he  had  seen  the  grooving  at  this 
part  had  been  the  result  of  bad  workmanship  originally.  The  plate 
had  either  been  overheated  at  that  place  in  the  flanging,  or  had  not 
been  sufficiently  sound  to  stand  the  flanging,  or  there  had  been 
some  defect  in  the  manufacture  of  the  boiler  which  would  account 
for  the  grooving.  He  thought  therefore  this  was  altogether  a 
different  case  from  the  grooving  round  the  angle-iron  joint  at  the 
smokebox  end,  where  there  was  no  doubt  that  the  corrosion  took 
place  whether  the  plate  was  really  sound  in  material  or  not. 
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In  the  testing  of  the  strips  of  welded  plate  tliat  were  exhibited, 
the  average  breaking  strain  struck  him  as  being  mnch  lower  than 
might  have  been  expected,  considering  that  the  thickness  of  metal 
at  the  weld  was  greater  than  in  the  body  of  the  plate ;  and  he  had 
been  surprised  to  find  that  so  many  of  the  strips  gave  way  at  the 
weld.  He  thought  however  that  this  might  perhaps  be  attributed 
to  the  manner  in  which  the  strips  were  obtained  for  testing,  being 
taken  from  the  piece  of  plate  cut  out  of  the  boiler  across  the  weld 
to  form  the  hole  for  the  steam  dome ;  and  this  piece  of  plate  being 
bent  to  the  circle  of  the  boiler,  it  was  possible  that  sufficient  care 
might  not  have  been  exercised  in  flattening  the  strips  before  testing 
them,  and  the  strength  of  the  iron  might  h»ve  been  injured  in  the 
straightening.  He  suggested  that  it  would  be  well  to  try  testing 
the  strips  in  their  original  curved  form,  without  flattening  them ; 
and  he  thought  it  would  also  be  desirable  to  take  strips  of  a  greater 
width  than  only  1  inch,  when  a  more  satisfactory  result  would 
probably  be  arrived  at. 

Having  seen  the  welded  boilers  described  in  the  paper  in  all  the 
stages  of  their  manu&cture,  and  having  also  seen  them  tested  to  a 
pressure  as  high  as  200  lbs.  per  square  inch,  he  had  great  pleasure 
in  bearing  testimony  to  the  very  capital  job  that  was  made*  by  this 
mode  of  construction,  and  there  was  no  mistake  that  they  were 
first-rate  boilers  both  in  workmanship  and  strength;  they  were 
indeed  the  strongest  locomotive  boilers  running  at  the  present  time. 
With  regard  to  the  proposed  plan  of  making  the  rings  of  the  boiler 
barrel  each  in  a  solid  hoop  without  welding,  he  understood  that  some 
experiments  had  been  already  made  for  accomplishing  this  object ; 
and  he  should  be  glad  to  know  whether  it  was  intended  to  roll  the 
hoop  in  the  same  way  that  weldless  tyres  were  rolled,  or  to  draw  it 
like  a  tube.  There  was  not  much  probability  he  thought  of  the 
working  pressure  being  reduced  in  locomotive  boilers  ;  for  the  great 
aim  now  upon  the  railways  was  to  obtain  increased  engine  power  for 
drawing  the  increased  weight  of  the  trains  and  for  attaining  a 
higher  speed.  For  these  purposes  increased  pressure  of  steam  was 
required  and  stronger  boilers,  and  the  boiler  described  in  the  paper 
was  an  important  step  in  that  direction. 
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Mr.  W.  Natlob  obBerved  that  an  important  fact  bearing  upon 
the  strength  of  locomotdve  boilers  when  nnder  pressnre  of  steam  was 
that  the  tensile  strength  of  the  plates  was  greater  at  the  tempentitn 
of  the  high  pressure  steam  than  when  cold.  Having  had  firequent 
occasion  to  test  the  strength  of  wrought  iron  plates  and  bars  for  t^ie 
Great  Indian  Peninsula  Railway,  he  had  found  that  it  was  usual 
to  wait  till  the  iron  was  cold,  under  the  impression  that  the  test 
would  otherwise  not  be  a  fair  one  ;  and  he  had  accordingly  tried  an 
experiment  with  a  piece  of  best  Yorkshire  bar  iron  in  order  to  asoertain 
the  difference  of  strength  when  the  iron  was  exposed  to  about  the 
heat  of  a  locomotive  boiler.  The  bar  was  2  indies  bj  1  inch,  or 
2  square  inches  section,  and  was  cut  into  three  lengths ;  and  the 
two  end  pieces  being  tested  cold  broke  at  51  tons  tensile  strab  or 
25^  tons  per  square  inch.  The  centre  piece  was  then  heated 
red-hot,  and  was  allowed  to  cool  gradually  until  an  alloy  of  lead  and 
tin  would  only  just  melt  upon  it,  showing  that  the  temperature  was 
about  850^  Fahr.  or  about  the  temperature  of  120  lbs.  steam.  At 
this  temperature  the  bar  required  61  tons  or  30|  tons  per  sqaxn 
inch  to  break  it,  showing  a  tensile  strength  20  per  cent,  greater 
than  when  cold.  It  was  also  found  that  the  heated  bar  did  sot 
stretch  more  than  half  as  much  as  the  cold  bars  before  breaking. 

Mr.  W.  S.  LoNQRiDOB  remarked  that,  in  respect  to  the  proposed 
plan  which  had  been  referred  to  of  making  the  boiler  barrel  solid 
without  any  weld,  he  had  been  aiming  at  the  accomplishment  of 
this  object  for  some  time,  and  was  more  than  ever  confirmed  in  the 
idea  by  the  information  which  had  been  given  in  the  pap^ 
regarding  the  improved  welded  boilers  and  their  advantages  in 
freedom  from  corrosion  as  compared  with  the  ordinary  lap-jointed 
boilers.  The  object  he  had  in  view  was  only  to  extend  to  boiier 
plates  the  same  plan  of  manufacture  that  he  had  already  adopted  is 
making  weldless  tyres,  which  had  been  found  so  successful  ths^ 
they  were  becoming  more  and  more  universally  used ;  and  in  a  fe^ 
years  he  was  satisfied  that  no  tyres  would  be  used  which  wereniade 
with  a  weld.  He  hoped  in  a  short  time  to  be  able  to  make  ft 
weldless  cyUnder  of  boiler  plate  up  to  4  feet  diameter ;  and  thongh 
the  details  of  the  mode  of   manuflBustnre    were    not  at  present 
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completely  worked  out,  the  intention  was  to  bnild  np  a  cylindrical 

coil,   welded  in  the  same  way  that  gons  were  now  constmcted, 

from  a  donble  coil  made  of  bars  abont  2^  inches  square,  having  a 

h  inch  hole  through  the  centre  of  the  coil :  this  coil,  after  being 

£orged  and  expanded  in  the  usual  way  to  15  or  IG  inches  diameter 

of  hole,  to  be  bored  and  turned.     The  object  of  boring  and  turning 

-was  not  only  to  ensure  the  soundness  of  the  iron  in  the  previous 

stages  of  manufacture,  before  the  bloom  was  submitted  to  the  final 

process  of  rolling,  but  also  to  allow  of  greater  accuracy  being 

obtained  in  completing  the  finished  ring.     This  bloom  of  16  inches 

inside  diameter  having  then  been  subjected  to  a  welding  heat  in 

the  furnace  would  be  taken  to  the  rolling  machine,  and  rolled  out 

to  4  feet  diameter.     This  process  might  be  accomplished  after  a 

little  experience  as  easily  he  thought  for  a  boiler  barrel  as  for  a 

tyre ;  and  though  at  first  it  was  not  intended  to  attempt  rolling 

the  hoops  of  a  greater  length  than  3^  feet,  he  considered  that  when 

this  was  successMly  efiected  it  would  only  be  a  question  of  strength 

and  size  of  machinery  to  roll  an  entire  boiler  barrel  of  10  feet  length. 

The  experiments  he  was  making  were  with  iron ;  but  had  it  not 

been  for  the  prejudice  at  present  met  with  against  the   use  of 

Bessemer  metal  or  other  homogeneous  metal  for  boilers,  he  would 

at  once  have  adopted  these  for  carrying  out  this  system  of  boiler 

making,  being  satisfied  that  they  would  ultimately  supersede  iron 

for  the  purpose. 

One  point  which  had  not  been  touched  upon  in  the  very 
interesting  paper  that  had  been  read  was  the  question  of  single- 
rivetted  or  double-rivetted  joints  ;  and  as  he  observed  that  in  all  the 
specimens  of  corroded  plates  which  were  exhibited  the  lap  joints 
were  single-rivetted,  while  the  improved  boilers  vnth  butt  joints  had 
the  outside  covering  hoops  double-rivetted,  he  enquired  whether  it 
was  considered  that  the  single-rivetting  employed  with  the  ordinary 
lap  joints  had  anything  to  do  with  the  grooving  of  the  plates  at  the 
joints,  and  whether  it  was  on  that  account  that  double-rivetting  had 
been  adopted  in  connection  with  the  butt  joints  in  the  improved 
boilers. 
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Mr.  W.  KiRTLET  replied  that  tbe  donble-riTetting  of  the  butt  joints 
in  the  improved  welded  boilers  had  been  adopted  only  for  the  purpose 
of  ensuring  greater  strength  at  the  joints ;  and  he  did  not  think 
that  the  use  of  double-rivetting  instead  of  single-rivetting  would 
make  any  sensible  difference  in  the  extent  of  the  grooving  by  tlie 
corrosion  in  the  case  of  the  ordinary  lap-jointed  boilers,  as  tbe 
injurious  springing  of  the  plate  under  pressure  would  be  litUe 
affected. 

With  regard  to  the  strips  of  welded  plate  that  had  been  tested 
for  trying  the  strength  of  the  welded  joints,  the  straightening  of 
these  before  they  were  tested  had  been  done  with  special  care,  in 
order  that  the  strength  might  not  be  injured ;  and  he  thought  the 
results  might  be  taken  as  fairly  representing  the  strength  of  the 
welds. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Kirtley  for  his 
paper  and  the  valuable  specimens  exhibited,  which  was  passed. 


The  following  paper,  communicated  through  Mr.  Walter  May, 
was  then  read : — 
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ON  AN   IMPROVED  CONSTRUCTION  OF 

LOCK  AND  KEY. 


Bt  Mb.  J.  BEYBBLEY  FENB7,  of  BiuaNaHAX. 


Altbongli  the  varieties  of  Locks  have  been  exceedingly  nnmerons, 
yet  so  seldom  has  any  new  principle  of  security  been  introduced, 
that  if  locks  are  divided  into  two  main  classes — firstly  those  with 
fixed  guards,  and  secondly  those  with  moveable  guards — a  brief 
examination  of  the  principles  of  construction  involved  in  a  few  locks 
of  each  class  will  be  sufficient  for  the  purpose  of  the  present  paper. 

The  simple  fixed-guard  or  warded  lock  is  so  utterly  worthless  for 
secority,  no  matter  what  amount  of  good  workmanship  be  bestowed 
upon  it,  that  it  demands  but  short  notice.  It  was  contrived  with 
the  intention  of  making  the  passage  to  the  bolt  intricate ;  but  it 
will  be  seen  at  once  that  this  intricacy  does  not  really  offer  any 
securiiy.  The  wards  of  a  lock  are  circular  arcs  of  thin  metal,  so 
arranged  as  to  require  a  key  of  peculiar  pattern  to  pass  amongst 
them,  the  shape  of  the  cuts  in  the  key  being  a  section  of  the  wards. 
To  make  a  really  complicated  box  of  wards,  and  to  cut  keys  which 
shall  accurately  fit  their  sweep,  is  a  matter  requiring  considerable 
manual  dexterity ;  and  some  warded  locks  are  therefore  expensive. 
But  even  with  the  best  of  them  all  that  it  is  necessary  to  do  for 
opening  the  lock  is  to  take  a  blank  key  which  will  properly  fit  the 
keyhole,  coat  it  with  wax,  and  then  inserting  it  in  the  lock  press 
it  round  against  the  wards,  which  will  cause  them  to  leave  an 
accurate  impression  of  their  section  on  the  key.  The  parts  improssed 
are  then  out  out  with  small  files,  drills,  and  saws,  and  the  occasional 
use  of  fine  cross-cut  chisels.  The  key  will  then  pass  those  wards 
which  impressed  themselves  upon  it ;  and  if  these  are  the  only 
wards  it  will  go  completely  round  and  open  the  lock.    If  there  are 
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also  other  wards  in  addition,  not  bronglit  up  flnsh  with  the  first 
wards,  the  key  is  waxed  again  and  pressed  against  them,  and  then 
inrther  out  out,  as  before.  This  prooess  is  evidently  one  of  ahsoluie 
certainty,  and  the  key  so  made  is  in  all  respects  as  capable  of 
mastering  the  lock  as  the  original  key. 

These  warded  locks  are  however  easily  opened  with  merely  a 
piece  of  bent  steel  wire,  bent  into  such  a  sweep  as  will  reach  right 
round  the  wards  instead  of  passing  amongst  them,  thus  escaping 
all  chance  of  being  obstructed  by  them.  Such  an  instrument  is 
called  by  burglars  a  "  twirl.'*  In  Fig.  19,  Plate  30,  is  shown  the 
key  of  an  elaborately  warded  lock,  and  in  Fig.  20  is  shown  a 
picklock  or  twirl  which  will  open  the  lock  belonging  to  this  key, 
or  any  other  lock  having  wards  of  about  the  same  outside 
dimensions. 

The  fixed-guard  or  warded  lock  was  the  one  in  general  use  in 
the  middle  ages  ;  but  amongst  the  second  class,  or  locks  with 
moveable  guards,  is  found  the  most  ancient  lock  in  the  world,  the 
Egyptian  Lock,  which  is  shown  in  Fig.  13,  Plate  30.  A  A  is  the 
body  of  the  lock,  through  which  the  bolt  B  passes.  The  pins  C  C  C, 
working  in  cavities  in  the  lock,  drop  into  holes  in  the  bolt  when 
the  solid  end  of  the  bolt  is  projected  into  the  jamb  of  the  door  ;  and 
the  lock  is  then  locked.  In  order  to  unlock  it,  the  key  D  is  thmst 
into  the  cavity  in  the  bolt,  and  then  moved  upwards  so  that  the 
pins  E  £  E  upon  it  push  up  the  pins  G  which  hold  the  bolt  &8t ;  and 
by  then  drawing  the  key  back  the  lock  is  unlocked.  These  locks 
are  in  general  made  of  wood,  and  with  three  or  four  pins.  Should 
any  of  the  pins  not  be  lifbed  high  enough,  the  bolt  is  prevented 
from  moving.  This  lock  is  represented  on  the  bas-relieft  of  the 
temple  of  Elamac  ;  and  as  it  is  still  used  in  modem  Egypt  in  the 
same  form,  it  is  thus  seen  to  have  remained  unimproved  for  more 
than  four  thousand  years. 

In  the  Letter  Locks,  the  opening  of  the  lock  depends  on  the 
knowledge  of  some  secret  word  or  combination  of  figures.  Their 
whole  principle  of  action  consists  in  having  a  series  of  rings  or 
discs  upon  one  spindle,  each  of  which  is  marked  with  a  separate 
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letter  or  figure  and  has  a  single  slot  on  the  inner  edge  ;  and  these 
rings  are  separately  turned  round  by  hand,  instead  of  being  tamed 
by  the  bit  of  a  key,  until  the  inside  slots  are  all  bronght  into  one 
line,  allowing  the  bolt  then  to  pass.  Such  contrivances  may 
however  be  considered  more  cnrioas  than  nsefnl,  and  the  best 
constructions  of  them  have  been  readily  picked. 

The  next  kind  of  lock  is  the  Tumbler  Lock,  in  which  the  bolt  is 
moved  backwards  and  forwards  by  the  key  as  usual,  but  these 
movements  cannot  take  place  till  a  small  lever  with  a  stump  on  one 
side  be  lifled.  This  lever  and  stump  form  the  tumbler,  which  is 
held  down  by  a  spring ;  and  in  the  tail  of  the  bolt  are  two  notches, 
into  one  of  which  the  stump  fits  when  the  bolt  is  shot,  and  into  the 
other  when  it  is  withdrawn.  All  that  is  necessary  to  efiect  the 
picking  of  this  lock  is  to  lift  the  tumbler  high  enough  for  clearing 
the  stump  out  of  the  notch,  and  then  draw  back  the  bolt.  The 
tumbler  may  be  lifted  with  one  pick,  and  the  bolt  drawn  back  with 
another ;  but  generally  one  pick  will  suffice  for  both  purposes.  As 
the  tumibler  only  requires  to  be  lifbed  high  enough,  and  cannot  be 
lifted  too  high,  no  nicety  is  needed  in  the  operation  of  picking. 

In  the  Barron  Tumbler  Lock  the  principle  of  double-action  was 
introduced.  In  place  of  simple  notches  in  the  upper  edge  of  the 
bolt-tail,  a  slot  is  cut  out  of  the  tail  in  the  direction  of  the  length  of 
the  bolt ;  and  this  slot  is  long  enough  to  admit  of  the  proper  motion 
of  the  bolt  while  the  stump  of  the  tumbler  is  in  the  slot.  The 
notches  for  the  stump  are  cut  out  in  pairs  on  both  sides  of  the  slot, 
exactly  opposite  to  one  another,  and  the  spring  of  the  tumbler  presses 
the  stump  into  the  two  bottom  notches,  while  the  key  or  pick  has  to 
lift  it  out.  If  however  the  stump  be  lifted  too  high,  it  enters  the 
opposite  top  notch,  and  so  stops  the  motion  of  the  bolt.  This 
arrangement  effected  an  important  advance  in  the  art  of  security. 

The  next  improvement  was  the  Lever  Lock  properly  so  called, 
under  which  designation  the  majority  of  the  modem  locks  may  be 
classed.  In  lever  locks  the  stump  for  preventing  the  withdrawal  of 
the  bolt  is  fixed  on  the  bolt  itself;  and  the  levers  are  made  with 
radial  slots  or  "  gatings ''  in  them,  to  admit  of  the  passage  of  the 
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Bfciimp  in  withdrawing  the  bolt.  The  same  principle  nms  tbrongh 
all  the  very  numerous  yarieties  of  lever  locks,  as  regards  their 
essential  construction  and  action,  their  differences  lying  mainly  in 
the  addition  of  various  ingenious  contrivances  for  detecting  attempts 
at  picking  the  lock  and  for  increasing  the  difficulty  of  access  to  the 
levers. 

The  principle  of  the  lever  lock  is  shown  in  Fig.  14,  Plate  30. 
On  the  bolt  B  of  the  lock  is  fixed  the  stump  S,  a  square-edged  stud, 
which  passes  through  a  slot  in  each  of  the  levers  L ;  these  are  a 
series  of  plates  having  all  the  same  external  form  and  all  working 
upon  a  common  centre  pin,  and  fitting  in  thickness  the  successiTe 
steps  of  the  key,  Fig.  15.  A  radial  slot  or  "  gating"  G  is  cut  in  each 
lever  to  allow  the  stump  S  to  pass  when  the  bolt  is  withdrawn ;  and 
these  gatings  being  cut  in  different  positions  in  each  lever,  it  is 
requisite  before  the  bolt  can  be  withdrawn  in  unlocking  that  all  the 
gatings  should  be  brought  exactly  under  the  stump,  which  is  effected 
by  the  several  steps  of  the  key  being  made  of  the  proper  height  to 
suit  their  respective  levers. 

In  the  actual  manufacture  of  these  locks,  the  k^  is  first  cnt 
with  an  arbitrary  division  of  the  several  heights  of  the  steps ;  and 
each  lever  in  succession  being  lifted  by  the  key  to  its  full  extent, 
the  gating  G-  is  then  marked  on  the  lever  to  correspond  with  the 
position  of  the  stump  S.  On  the  accuracy  with  which  the  gating 
is  cut  to  fit  the  stump  depends  the  security  of  the  lock  from  being 
opened  either  by  picking  or  by  a  false  key  differing  slightly  firom  the 
original.  A  curved  notch  or  *'  racking  "  B  is  made  at  the  bottom 
of  the  gating,  for  the  purpose  of  aUowing  the  levers  to  be  pressed 
back  into  their  original  position  by  the  springs  I  when  the  bolt  is 
withdrawn,  as  they  would  otherwise  be  retained  in  their  raised 
position,  and  would  then  give  by  their  inner  edges  a  direct  indica- 
tion of  the  form  of  key  required  for  opening  the  lock. 

The  celebrated  Bramah  Lock  consists  of  a  metal  cylinder  with  a 
hole  passing  down  the  centre ;  and  a  number  of  slots  are  cut 
radiating  outwards  from  the  centre  hole  and  running  throughout 
the  length  of  the  cylinder.  A  groove  is  turned  in  the  cylinder  finom 
the  outside,  so  fiu:  as  to  cut  a  short  distance  into  all  the  slots ;  and 
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into  each  slot  a  steel  slide  is  fitted,  having  a  notch  cut  in  its 
outer  edge,  in  such  a  position  that  when  the  slide  is  pushed  in 
longitudinally  to  the  proper  distance  the  notch  exactly  corresponds 
with  the  groove  in  the  cylinder.  Into  this  groove  fits  an  annular 
disc  of  steel,  having  nicks  cut  on  its  inner  edge  corresponding  to 
the  radial  slots  in  the  cylmder,  and  through  these  nicks  the  slides 
work  freely.  The  annular  disc  is  fixed  securely  in  the  external  case 
of  the  lock  ;  and  the  slides  being  held  up  by  a  spring,  so  that  the 
solid  part  of  each  is  in  the  nicks  of  the  disc,  prevent  the  cylinder 
from  being  turned  round  for  unlocking  the  lock.  In  order  to 
frree  the  cylinder  for  turning,  the  slides  must  all  be  pushed  in 
longitudinally  to  such  an  extent  that  their  notches  coincide  exactly 
with  the  annular  disc;  the  slides  can  then  pass  round  upon  the 
disc,  allowing  the  cylinder  to  revolve  and  move  the  bolt.  For 
pushing  the  several  slides  in  to  the  respective  depths  required,  a 
tubular  key  is  used,  having  longitudinal  slits  cut  in  its  end,  the 
length  of  the  slits  corresponding  inversely  to  the  depth  to  which 
the  respective  sUdes  have  to  be  pushed.  Should  any  one  sHde  be 
pushed  too  far  or  not  &r  enough,  its  notch  will  not  coincide  with 
the  disc,  and  it  will  therefore  prevent  the  cylinder  from  being 
turned. 

The  Bramah  Lock  was  an  admirable  contrivance  with  remarkably 
beautiful  mechanism  contained  in  a  small  compass ;  and  since  its 
invention  there  have  been  several  ingenious  modifications  of  the 
same  principle  in  different  radial  locks,  such  as  the  Yale  Lock,  in 
which  the  sHdes  move  radially  instead  of  axially.  One  advantage 
in  these  radial  locks  is  the  greater  difficulty  in  copying  the  keys,  in 
comparison  with  the  flat  keys  of  ordinary  lever  locks :  this  difficulty 
however  is  not  an  insurmountable  one. 

A  very  ingenious  addition  was  made  to  the  action  of  the  lever 
lock  in  NewelFs  American  Lock,  which  was  shown  in  the  1851 
Exhibition  and  described  in  a  paper  at  a  former  meeting  of  the 
Institution  (see  Proceedings  Inst.  M.  E.  June  1851,  Page  16).  In 
this  look  the  several  steps  of  the  key  were  made  each  of  a  separate 
piece,  excepting  the  first  and  last  steps  which  were  solid  as  usual 
but  had  no  action  on  the  levers ;  and  the  intermediate  steps  were 
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Becured  in  tlieir  places  by  a  screwed  pin  passing  throngli  tliem  and 
tbroagh  the  two  fixed  steps.  After  unlocking  the  lock,  the  key  conld 
be  changed  by  altering  the  relative  positions  of  the  moveable  steps ; 
and  the  lock  was  so  constmct-ed  that  it  admitted  of  being  locked  the 
next  time  with  the  altered  key,  while  only  that  same  arrangement 
of  key  would  then  unlock  it  again.  This  was  effected  by  having, 
instead  of  the  ordinary  solid  stump,  a  compound  stump,  in  which  was 
a  separate  piece  for  each  lever ;  these  component  parts  of  the  stump 
were  lifted  up  with  the  levers  in  the  act  of  locking  the  lock,  and 
being  held  in  their  raised  position  by  a  paul  which  engaged  in  a  rack 
formed  in  the  back  of  each,  the  compound  stump  was  thus  made  an 
exact  copy  of  the  arrangement  of  key  used  in  locking.  Ab  the 
levers  fell  back  on  withdrawing  the  key,  nothing  but  the  same 
arrangement  of  the  steps  in  the  key  could  bring  them  again  to 
correspond  with  the  several  parts  of  the  stump  for  unlocking. 

The  important  point  gained  in  this  lock  was  that  no  copy  of  the 
key  was  available  for  opening  the  lock,  unless  taken  from  the  veiy 
arrangement  of  key  with  which  the  lock  was  last  locked:  the 
intention  being  that  the  pieces  of  the  key  should  be  changed 
immediately  after  locking,  their  position  only  being  noted  for 
restoring  the  key  to  the  form  required  for  opening  the  lock  again ; 
consequently  in  the  interim  any  wax  impression  taken  from  the  key 
would  be  useless.  This  lock,  though  certainly  a  remarkable  triumph 
in  mechanics,  was  necessarily  very  limited  in  its  application  from 
the  great  complication  and  costliness  of  its  construction ;  although 
from  the  excellence  of  the  workmanship  it  was  not  liable  to 
derangement. 

A  further  improvement  of  great  ingenuity  was  subseqnentlj 
added  to  this  lock,  by  making  the  bit  or  acting  part  of  the  key 
removable,  the  stem  or  handle  being  unscrewed  from  it  after  the  key 
was  put  into  the  keyhole.  The  turning  motion  was  then  given  by  a 
secondary  handle  independent  of  the  key,  and  the  bit  of  the  key  was 
carried  round  inside  the  lock  to  do  the  work,  whilst  the  keyhole 
was  entirely  closed  during  this  time  by  a  revolving  plate.  Although 
this  accomplished  the  closing  of  the  keyhole  whilst  the  right  key 
was  in  action,   and  thereby    greatly  increased  the    difficulty  of 
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applying  picklocks,  yet  the  keyhole  was  still  left  open  at  other 
times  for  the  action  of  picklocks  ;  and  the  nse  of  a  key  requiring 
to  he  unscrewed  and  screwed  together  again  every  time  that  the 
lock  was  either  locked  or  unlocked  involved  a  serious  practical 
objection. 

Thoogh  locks  such  as  those  already  referred  to  exhibit  great 
dissimilarity  of  construction,  yet  there  is  one  point  in  which  they 
all  agree,  and  that  is  in  the  possession  of  a  direct  passage  from  the 
ontside  to  the  works.  Althoagh  various  locks  have  been  devised 
with  the  object  of  having  no  direct  passage  to  the  works  from 
the  outside,  one  consideration  shows  the  inevitable  existence  of 
such  a  passage  :  namely  that  without  it  the  key  could  not  possibly 
at  one  and  the  same  time  touch  the  hand  of  the  operator  and  the 
works  of  the  lock.  It  therefore  follows  that  any  instrument  which 
can  pass  in  the  same  space  as  the  key  may  be  brought  to  bear  on 
the  works,  whatever  may  be  their  construction. 

It  can  now  be  shown  that,  if  picking  instruments  are  thus 
brought  to  bear  on  the  works  through  the  keyhole,  there  is  a 
regular  tentative  system  whereby  the  picking  of  any  lock  with  an 
open  keyhole  can  sooner  or  later  be  effected.  The  mode  of  operation 
is  in  its  chief  features  the  same  for  aU  moveable-guard  locks. 
Taking  as  a  single  example  the  Egyptian  lock  shown  in  Fig.  13,  to 
pick  this  lock  the  following  method  is  used.  A  piece  of  wood  or 
metal  is  taken  similar  to  the  key  D,  but  without  the  pins  E ;  and 
wax  or  clay  having  been  spread  on  the  upper  surface,  it  is  put  into 
the  lock  and  pressed  up  against  the  holes  C,  so  as  to  take  an 
impression  of  their  position.  Corresponding  pins  are  now  fixed  in 
these  places,  and  the  key  so  made  is  again  introduced  into  the  lock ; 
and  by  the  exercise  of  just  so  much  skiU  as  is  required  to  lift  the 
pins  C  free  from  the  bolt,  without  lifting  the  key  so  far  as  to  cause 
its  own  pins  to  catch  in  the  upper  case  A,  the  lock  is  picked.  The 
pins  on  the  key  may  then  be  regulated  to  the  proper  height,  so  as 
to  make  it  impossible  to  lift  up  too  high  with  them  ;  and  when  this 
is  done  the  counterfeit  key  is  in  all  respects  as  good  as  the  one 
properly  belonging  to  the  lock.    If  the  pins  put  on  the  counterfeit 
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key  for  the  purpose  of  piddng  the  lock  be  made  of  some  sabstaooo 
having  sufficient  tenacity  to  lift  the  look  pins  and  draw  the  bolt, 
but  not  strong  enough  to  resist  the  shearing  action  between  the 
bolt  B  and  the  case  A,  then  however  high  the  lock  pins  C  may 
be  lifbed  by  the  counterfeit  the  bolt  will  jet  be  withdrawn,  and 
the  precise  length  of  the  pins  on  the  key  will  at  the  same  time  be 
obtained. 

The  picking  of  this  elementary  moveable-guard  lock  oomprises 

the  principles  of  the  art  of  lock-picking ;  and  to  apply  these  principles 

to  the  picking  of  a  lever  lock,  the  following  variation  of  the  prooess 

is  put  in  practice.     Reverting  to  the  lever  lock  shown  in  Fig.  14, 

if  by  any  means  except  the  use  of  the  key  the  gatings  G  can  be 

brought  into  such  a  position  as  to  allow  the  stump  S  to  pass 

through  them,  that  constitutes  picking  the  lock.    This  has  been 

performed  with  the  simple  tool  shown  in  Figs.  16,  17,  and  18,  whicb 

consists  of  a  tube  F  made  to  fit  upon  the  drill  pin  of  the  lock ;  and 

on  this  tube  fitd  another  external  tube  H,  which  turns  and  sHdes 

easily  on  the  inner  tube  F,  but  with  perfect  steadiness.     Each  tube 

has  a  projecting  step  at  the  extreme  end,  corresponding  to  a  certain 

extent  with  the  steps  of  the  key,  the  difference  lying  only  in  the 

length.     With  the  step  on  the  inner  tube  F  the  bolt  B,  Fig.  14,  is 

pressed  back  so  as  to  feel  the  stump  S  against  the  levers  L,  and  a 

constant  pressure  is  kept  upon  them  by  the  stump  by  means  of  the 

weight  W,  Fig.  16,  suspended  from  an  arm  on  the  inner  tube  F. 

Meanwhile  the  levers  are  one  by  one  carefally  felt  and  manipulated 

by  the  step  on  the  outer  tube  H,  each  lever  being  slightly  hfted  in 

succession  according  as  it  is  found  to  be  held  by  the  pressure  of  the 

stump,  unto  all  the  levers  are  at  last  got  free  from  that  pressure  by 

the  open  gating  Ot  in  each  lever  being  brought  exactly  under  the 

stump,  which  is  then  fr«e  to  pass  down  the  gatings ;  and  the  back 

step  F  of  the  picking  tool,  which  is  continually  pressing  upon  the 

bolt  by  the  weight  W,  is  then  able  to  unlock  it  without  obstruction. 

The  false  notches  or  teeth  on  the  face  of  the  arcs  in  the  levers, 

Fig.  14,  are  intended  to  frustrate  this  plan  of  bringing  a  pressure  to 

bear  on  the  bolt  while  raising  the  levers ;  but  although  they  add  veiy 

considerably  to  the  difficulty  of  picking  the  lock,  they  bj  no  means 
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actnally  preyent  it;  for  locks  with  sixteen  levers  having  false 
notches  as  well  as  other  improvements  have  been  picked. 

This  was  the  mode  of  picking  so  successfnlly  shown  by  Mr. 
Hobbs,  who  at  the  time  of  the  1851  Exhibition  opened  in  this 
manner  a  lever  lock  of  one  of  the  best  makes.  A  similar  method  has 
been  used  with  locks  made  on  the  Bramah  principle,  only  that  in 
this  case  the  radial  slides  have  to  be  pnshed  in,  while  a  slight  twist 
of  the  cylinder,  to  make  the  sHdes  bind  against  the  guard-plate, 
supplies  the  place  of  the  pressure  put  npon  the  bolt  of  the  lever 
lock ;  and  in  this  way  a  Bramah  lock  was  also  picked  by  Mr.  Hobbs. 
In  the  radial  locks  the  only  variation  is  in  pushing  the  slides 
radially  instead  of  axially,  the  cylinder  being  slightly  twisted  at 
the  time  as  in  the  Bramah  lock;  and  a  lock  with  as  many  as 
40  radial  slides  has  been  picked.  There  are  also  additional  modes 
of  operation  in  lock-picking,  such  as  smoking  the  working  parts 
with  a  taper,  so  that  the  right  key  when  used  shall  indicate  the 
gradations  of  its  action  on  the  works,  which  are  afterwards 
examined  by  a  small  mirror  introduced  through  the  keyhole. 
Enough  has  however  been  stated  to  show  that  there  is  nothing  to 
prevent  attempts  at  picking  from  being  made  on  any  lock  having  an 
open  keyhole,  nor  any  certain  means  of  ascertaining  whether  at  any 
time  such  attempts  are  in  progress. 

The  other  mode  of  attacking  a  lock  is  by  taking  an  impression 
of  the  true  key  and  making  a  counterfeit  key  from  it.  As  a 
remarkable  instance  of  this  method  may  be  named  the  case  in 
which  two  of  the  best  lever  locks  were  opened  a  few  years  ago  by 
Agar  and  his  confederates,  and  £12,000  worth  of  gold  was  stolen, 
weighing  upwards  of  200  lbs.,  while  in  transit  on  the  South  Eastern 
Railway  from  London  to  Paris.  In  this  important  robbery,  which 
took  place  on  15th  May,  1855,  the  gold  was  sent  in  three  boxes, 
iron-bound  and  sealed,  and  packed  in  a  bullion  safe,  which  was 
secured  by  two  new  locks  of  the  best  and  most  improved  make, 
duplicate  keys  being  kept  at  the  London  and  Folkestone  stations.  By 
the  collusion  of  two  of  the  railway  officials  wax  impressions  of  the 
keys  for  the  two  locks  were  obtained,  and  counterfeit  keys  made  from 
them ;  but  it  was  found  requisite  to  make  no  less  than  seven  trials 

p 
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of  these  cotLnterfeit  keys  before  theyconld  be  sufficiently  perfected 
to  open  the  locks.  The  only  means  of  making  these  trials  was  by 
travelling  with  the  bnllion  safe  in  the  van,  by  oollnsion  of  the  guard 
of  the  train,  at  the  same  time  running  the  risk  in  each  trial  of 
creating  a  fatal  suspicion  by  over-lifting  the  detectors  in  the  locks. 
The  whole  was  however  ultimately  accomplished  with  complete 
success,  and  the  robbery  effected,  sJthough  only  after  a  period  of 
several  months'  perseverance,  to  which  the  thieves  were  stimtikted 
by  the  very  large  amount  of  the  prize  to  be  obtained. 

From  the  foregoing  observations  it  is  evident  that  there  are  two 
important  defects  in  the  principle  of  the  previous  lever  locks,  which 
being  defects  in  principle  are  &tal  to  their  security :  namely  the 
means  of  access  to  the  works  of  the  lock  through  the  keyhole, 
allowing  of  a  series  of  attempts  being  made  to  open  the  lock  hj 
picking  instruments  ;  and  also  the  facility  afforded  for  repeating 
the  trial  of  a  false  key  made  from  a  wax  impression  of  the  true  key, 
and  thus  perfecting  it  by  successive  alterations  after  trial  In 
consequence  of  the  possibility  thus  allowed  of  making  these  successive 
attempts  either  by  picking  instruments  or  by  a  &lse  key,  it  has  been 
shown  by  the  cases  that  have  occurred  of  locks  of  the  best  makes 
which  have  been  &lsely  opened,  that,  however  numerous  and 
complicated  may  be  the  secondary  impediments  introduced  into 
these  locks,  there  can  be  no  real  security  against  the  ultimate 
success  of  sufficiently  numerous  and  persevering  attempts,  except 
by  the  adoption  of  some  new  principle  of  construction  speciaDy 
meeting  the  above  two  defects. 

In  the  invention  of  the  Improved  Lock  and  Key  now  to  be 
described,  the  writer's  object  has  been  to  meet  this  requirement. 
In  Fig.  1,  Plate  25,  is  shown  an  elevation  of  thia  lock,  such  as  is 
made  for  an  iron  safe :  two  of  the  front  cover  plates  being  removed 
to  show  the  construction. 

The  head  B  of  the  main  bolt  is  of  such  a  thickness  as  to  be  flush 
with  the  face  of  the  levers  L  and  guard  A;  and  the  stn^  or 
tail  D  of  the  bolt  is  thin,  and  passes  behind  the  levers  and  goard 
and  also  behind  the  plate  H  H.    The  part  of  the  tail  D  which  would 
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He  under  the  leTers  L  and  cylinder  G  is  remoTed,  as  seen  in  Fig.  6, 
Plate  27,  and  replaced  by  a  separate  flat  plate  or  stnmp-bolt, 
carrying  the  stnmp  S.  This  stump-bolt  has  a  projection  K  upon  it, 
let  into  a  recess  in  the  tail  D  of  the  main  bolt,  bnt  with  Yxsth  inch 
yertical  play  in  the  recess.  A  spring  in  the  tail  of  the  main  bolt 
presses  the  stomp-bolt  downwards,  keeping  the  stnmp  S  in  the 
notches  of  the  lexers  L,  as  shown  in  Fig.  1.  The  stump-bolt  can  thus 
descend  -j^th  inch  at  first  without  moving  the  main  bolt,  and  this 
amount  of  vertical  movement  is  suf&cient  to  carry  the  stump  in  and 
out  of  the  notches  in  the  levers  ;  but  the  stump-bolt  cannot  descend 
further  without  taking  the  main  bolt  with  it. 

Immediately  in  front  of  the  bolts  comes  the  fixed  plate  H  H,  in 
which  is  cut  the  cam  groove  shown  by  the  dotted  line  J  J ;  and  also 
the  vertical  slot  E  for  the  pin  P  to  work  through,  together  with 
another  vertical  slot  in  which  the  stump  8  fits  and  works.  This 
plate  carries  the  centre  pin  U  on  which  the  levers  L  turn.  The 
levers  are  six  in  number,  though  any  other  number  may  be  used ; 
and  they  occupy  collectively  3-8ths  inch  thickness.  In  front  of  the 
plate  H  is  fiized  the  guard  A,  which  is  made  of  iron  or  steel,  and 
has  the  brass  cylinder  C  ground  into  it.  The  guard  is  made  a 
shade  thicker  than  the  levers  L,  in  order  to  prevent  the  back  plate  H 
and  the  corresponding  front  plate  fr^m  being  so  tightened  on  the 
levers  as  to  impede  their  freedom  of  movement.  The  cylinder  G  is 
the  same  thickness  as  the  levers,  excepting  the  centre  boss  F,  which 
projects  from  the  back  of  the  cylinder  and  works  in  a  bearing  in 
the  back  plate  H,  and  also  projects  in  front  through  the  thickness 
of  the  two  frvnt  cover  plates.  The  small  keyhole  in  the  centre  of 
the  boss  goes  only  a  short  distance  into  the  cylinder  G,  being  merely 
for  the  purpose  of  enabling  the  stem  of  the  key  M,  Fig.  8,  to 
torn  the  cylinder ;  the  bit  of  the  key  is  a  separate  piece  N,  which  is 
inserted  through  a  separate  keyhole  into  the  radial  slot  of  the 
revolving  cylinder  G,  as  shown  at  N  in  Fig.  1. 

This  radial  slot  is  cut  in  the  side  of  the  cylinder  G  that  is 
furthest  from,  the  levers  when  the  cylinder  is  in  the  position  shown 
in  Fig.  1 ;  and  in  the  slot  fits  the  slide  block  R,  which  is  a  steel 
block  having  a  pin  projecting  on  each  side.     The  back  pin  enters 
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the  guide  groove  J  J  in  tlie  back  plate  H,  as  shown  by  the  dotted 
line,  and  the  front  pin  enters  the  corresponding  gnide  groove  in  the 
front  cover  plate  which  is  shown  removed.  The  back  pin  of  the 
slide  block  projects  throngh  the  back  plate  H,  as  shown  in  Fig.  7, 
and  works  in  the  cam  groove  0  in  the  tail  of  the  stnmp-bolt  S, 
Fig.  6,  which  is  so  shaped  that  as  the  slide  block  travels  roimd  the 
gnide  groove  J  J,  shown  hj  the  dotted  lines,  it  moves  the  stnmp-bolt 
verticaUy  as  may  be  required  according  to  the  position  of  the  bolts 
and  levers. 

In  the  position  of  the  lock  shown  in  Fig.  1,  the  bit  N  has  been 
inserted  into  the  vacant  space  of  the  radial  slot  in  the  cylinder  G, 
in  front  of  the  slide  block  B.  The  size  of  this  vacant  space  is 
3-8ths  inch  long  by  l-8th  inch  wide  and  3-8ths  inch  deep ;  and  in 
the  two  front  cover  plates  of  the  lock,  and  also  in  the  door  to  which 
the  lock  is  attached,  a  hole  is  made  of  the  same  shape.  In  the  door 
there  is  no  bearing  for  the  centre  boss  F,  bnt  only  a  small  keyhole 
corresponding  in  size  with  that  in  the  boss  F  for  inserting  the  stem 
of  the  key. 

In  the  position  of  the  parts  shown  in  Fig.  1,  it  will  be  seen  that 
the  levers  L  are  held  pressing  down  against  the  circnmference  of 
the  cylinder  C  by  their  springs  I  bearing  against  the  pin  P.  In 
this  position  also  the  bolt  spring  between  the  main  bolt  and  the 
stnmp-bolt,  Fig.  6,  presses  the  stump  S  down  into  the  notches  of 
the  levers,  so  that  the  levers  are  completely  locked  by  the  stomp,  as 
seen  in  Fig.  1. 

In  order  to  unlock  the  lock,  which  in  Fig.  1  is  shown  with  the 
bolt  shot,  it  is  necessary  that  all  the  gatings  Q  in  the  levers  should 
be  brought  precisely  under  the  stump  S.  Through  the  centre 
keyhole  F  there  is  no  communication  possible  at  any  time  with  the 
levers  L ;  nor  will  any  instrument,  however  slender,  if  passed  into 
the  radial  slot  through  the  aperture  at  N  be  able  to  reach  then, 
whether  the  cylinder  C  be  in  the  position  shown  in  Fig.  1  or  turned 
round  into  any  other  position.  For  the  only  difference  made  by 
turning  the  solid  cylinder  C  is  that  the  radial  slot  in  it  is  carried 
away  from  the  aperture  in  the  external  plates,  and  the  solid  part  of 
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the  ojlinder  is  brought  opposite  to  the  aperture,  wbicli  is  thereby 
completely  closed  against  the  insertion  of  a  picking  instrument. 
This  construction  accordingly  not  only  precludes  the  possibility  of 
opening  this  lock  with  an  ordinary  key,  in  which  the  part  that  acts 
on  the  levers  is  attached  to  the  stem  of  the  key,  but  it  also  renders 
it  an  absolute  impossibOity  to  introduce  a  pick  of  any  form,  as 
nothing  can  reach  the  leyers  L  except  a  detached  piece  of  such  a 
size  and  shape  as  to  be  capable  of  trayelling  round  in  the  vacant 
space  left  in  front  of  the  slide  block  B  in  the  radial  slot  of  the 
cylinder  C. 

For  tbe  purpose  of  unlocking  the  lock  the  bit  N,  Fig.  9,  is 
used.  This  bit  is  of  such  a  size  as  to  fit  into  the  vacant  space  of 
f  X |X  I  inch  in  the  radial  slot  of  the  cylinder  C ;  and  the  indent  at 
y  is  merely  for  the  purpose  of  ensuring  the  insertion  of  the  bit  in 
the  right  direction,  the  external  aperture  for  the  bit  being  made 
with  a  corresponding  projection  to  fit  the  indent  in  the  bit.  This 
bit  being  inserted  through  the  aperture  in  the  door  is  pushed  in  by 
means  of  the  key  stem  M,  which  is  flattened  on  two  sides  for  that 
purpose,  as  sbown  in  Fig.  8 ;  and  the  bit  is  thus  pushed  home  into 
its  place  in  the  radial  slot  of  the  cylinder,  as  shown  at  N,  Fig.  1. 

The  key  stem  M  is  now  inserted  into  the  centre  keyhole  F,  and 
the  cylinder  is  turned  round  by  it  in  the  direction  shown  by  the 
arrow,  canning  round  the  slide  block  B  and  the  bit  N.  The  slide 
block  B  while  moving  through  the  concentric  portion  at  the 
commencement  of  the  guide  grooves  J  J  does  not  affect  the  bit ; 
but  by  means  of  the  cam  groove  0  in  the  tail  of  the  stump-bolt, 
Fig.  6,  it  moves  that  bolt  so  far  as  to  lift  the  stump  S  completely 
out  of  the  notches  in  the  levers  L,  which  are  thereby  left  free  to 
be  raised.  On  contiuTiing  to  turn  the  cylinder  G  the  eccentric  part 
of  the  guide  grooves  J  J  causes  the  slide  block  B  to  move  outwards 
along  the  radial  slot,  pushing  the  bit  N  before  it ;  and  the  bit  is 
thus  made  to  project  beyond  the  circumference  of  the  cylinder, 
which  it  can  then  do,  being  no  longer  confined  by  the  guard  A. 
The  further  projection  of  the  bit  as  the  cylinder  revolves  causes  the 
steps  in  the  bit  to  lift  their  respective  levers ;  and  the  steps  in  the 
bit  are  so  arranged  that,  when  the  cylinder  arrives  at  the  position 
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shown  in  Fig.  2,  all  ihe  gatings  G  are  bronght  Bimultaiieonslj 
opposite  the  stnmp  S,  which  is  instantly  shot  down  through  the 
distance  of  the  -j^th  inch  play  by  the  bolt  spring.  The  bit  N  remains 
in  contact  with  the  extreme  part  T  of  the  levers  while  the  stamp  S 
is  entering  the  gatings,  the  action  of  the  bolt  spring  being  so  n^d 
that  the  bit  cannot  move  through  any  appreciable  distance  doling 
the  time. 

In  other  locks  a  spring  action  of  this  kind  wonld  greatly  fisunlitaie 
the  picking,  inasmuch  as  it  wonld  afford  the  gentle  nniform  pressore 
desired  upon  the  levers,  which  is  given  by  the  weighted  aim  F  in 
the  picklock  previously  described,  Fig.  18.  In  other  locks  therefore 
the  bolt  is  caused  to  move  and  the  stump  to  enter  the  gatings  by 
the  direct  contact  of  the  key  with  the  bolt,  instead  of  by  a  spring ; 
but  as  the  key,  while  moving  the  stump  into  the  gatings,  is  also 
altering  its  position  under  the  levers,  a  slight  tremulous  motion  of  the 
levers  is  thereby  occasioned,  which  no  care  in  manufacture  can  obviate. 
This  tremulous  motion  is  aggravated  by  the  circumstance  that,  aa 
the  keyhole  is  open  to  inspection,  it  is  necessary  to  make  all  the 
levers  fit  flush  with  one  another  when  down,  in  order  to  avoid 
affording  any  clue  to  the  shape  of  the  key  firom  the  positions  of  the 
levers ;  but  as  the  various  steps  of  the  key,  being  of  different 
lengths,  describe  different  arcs,  the  curves  of  the  levers  when  nused 
are  of  necessity  in  error  to  them  all.  The  result  of  these  combined 
fftults  is  that  the  gatings  have  to  be  made  wider  than  the  stomp, 
to  allow  a  sufficient  amount  of  play,  thus  introducing  a  fatal  element 
of  insecurity  in  the  cc>nstruction  of  the  lock,  since  the  security  is  of 
course  enhanced  in  proportion  as  the  gatings  fit  the  stump  accnratelj. 
In  the  new  lock  on  the  contrary  the  arc  T,  Fig.  2,  in  each  lever  can 
be  shaped  truly  to  its  own  proper  radius,  independent  of  all  the  rest 
of  the  levers ;  and  as  the  action  of  the  stump  is  instantaneous  in 
catching  the  gatings  as  soon  aa  they  are  all  brought  simultaneoosly 
under  it,  the  stximp  and  gatings  can  be  made  to  fit  one  another  with 
the  most  perfect  accuracy,  and  without  the  slightest  play. 

On  turning  the  cylinder  C  farther  round,  the  bit  N  passes  from 
under  the  levers,  which  remain  held  back  by  the  insertion  of  the 
stump  in  the  gatings ;  and  just  before  reaching  the  position  shown 
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in  Fig.  8,  Plate  26,  tlie  slide  block  B  lias  pushed  the  bit  completely 
out  of  the  radial  slot,  and  the  bit  falls  down  as  shown  in  Fig.  8,  and 
drops  throngh  a  hole  into  the  inside  of  the  safe  that  is  locked.  At 
this  point  the  back  pin  of  the  slide  block  comes  in  contact  with  the 
lower  side  of  the  cam  groove  0  in  the  stump-bolt,  Fig.  6 ;  and  by 
taming  the  cylinder  G  onwards  to  the  position  shown  in  Fig.  5,  the 
withdrawal  of  the  bolt  B  is  completed,  bringing  the  parts  into 
the  position  shown  in  Fig.  5.  In  these  drawings  only  one  lever  L 
is  shown;  bnt  there  are  altogether  six  levers,  as  shown  in  the 
sectional  plan.  Fig.  7.  The  pin  P  is  fixed  in  the  tail  D  of  the  main 
bolt,  so  as  to  travel  with  the  bolt ;  and  by  this  means  the  springs  I 
are  released  from  strain,  as  shown  in  Fig.  5,  as  soon  as  the  bolt  is 
withdrawn. 

From  the  nicety  with  which  the  various  parts  of  this  lock  are 
constructed,  it  is  evident  that  the  levers  must  be  very  accurately 
lifted  by  the  bit  of  the  key  in  order  to  withdraw  the  bolt ;  and 
therefore  any  error  in  the  bit,  such  as  would  occur  with  a  false  bit, 
will  effectually  prevent  the  lock  from  .being  opened.  This  may  be 
illustrated  by  supposing  the  fidse  bit  to  be  so  close  an  imitation  as 
to  have  five  of  its  steps  absolutely  correct,  and  the  sixth  only 
slightly  wrong:  though  it  is  almost  impossible  that  such  a  near 
approach  to  correctness  could  be  attained  in  practice.  The 
counterfeit  bit  being  inserted  in  the  lock  and  the  cylinder  turned 
round,  all  will  go  on  the  same  as  with  the  true  bit,  up  to  the  time 
when  the  fidse  bit  reaches  the  point  T  of  the  levers,  as  previously 
shown  with  the  true  bit  in  Fig.  2.  Here  a  change  of  action  takes 
place ;  but  what  is  the  nature  of  the  change  the  operator  has  no 
means  as  yet  of  ascertaining.  In  the  case  supposed,  where  five  of 
the  steps  in  the  bit  are  right  but  the  sixth  is  wrong,  the  gating  of 
the  sixth  lever  does  not  precisely  coincide  with  the  others  nor  with 
the  stump  S ;  and  the  consequence  is  that,  at  the  critical  moment 
when  the  stump  ought  to  spring  into  the  gatings  and  hold  back 
the  levers  from  feiUing  forwards,  it  wiU  be  prevented  from  entering 
the  gatings,  owing  to  the  entrance  being  partly  blocked  up  by  the 
one  lever  which  stands  more  or  less  across  it. 
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The  &ct  however  that  the  Btamp  cannot  enter  the  gatings  does 
not  become  known  to  the  operator  nntO  the  cylinder  C  has  been 
tnmed  fnrther  round  80  as  to  bring  the  slide-block  pin  in  contact 
with  the  lower  side  of  the  cam  groove  O  in  the  stnmp-bolt ;  and 
before  this  point  has  been  reached  the  Mse  bit  has  already  passed 
clear  of  the  levers,  which  not  being  retained  by  the  stomp  are 
instantly  thrown  forwards  again  by  their  springs,  and  locked  in 
their  original  position  by  the  stnmp  entering  the  notches.  At  the 
same  time  the  false  bit  has  dropped  into  the  inside  of  the  safe  in  the 
same  manner  as  the  tme  bit,  as  shown  in  Fig.  4. 

Hence  a  person  pntting  a  fiedse  bit  into  one  of  these  locks 
will  not  only  infallibly  lose  it  at  the  veiy  first  trial,  bat  will  do  so 
withont  gaining  any  information  as  to  the  nature  of  its  inaccnracy; 
for  as  the  gatings  of  the  levers  cannot  be  seen  or  felt,  all  that  can 
be  told  about  the  action  of  a  Bedse  bit  is  that  it  has  failed  to  open 
the  lock.  In  tact  a  counterfeit  bit  passes  under  the  levers  and 
through  the  lock  just  like  the  true  bit ;  and  it  is  only  the  stoppage 
afterwards  met  with  of  the  bolt  that  indicates  the  failure  of  the 
&lse  bit,  which  is  by  that  time  gone  beyond  recovery.  Whatever 
amount  of  labour  therefore  may  have  been  spent  on  the  fabricatiGn 
of  a  counterfeit  bit,  this  bit  can  only  be  tried  once,  so  that  no 
alteration  can  afterwards  be  made  in  it. 

Nothing  that  can  be  inserted  into  the  radial  slot  of  the  cylinder  G 
through  the  aperture  in  the  front  plates  can  do  any  injury  to 
the  lock ;  and  a  charge  of  gunpowder  inserted  in  that  way  wonld 
only  blow  out  again  at  the  orifice  without  damaging  the  lock,  both 
the  apertures  for  the  key  being  merely  blind  holes  with  parallel 
sides. 

For  the  manufacture  of  the  bits  for  the  keys  of  this  lock  a  self- 
acting  machine  is  employed,  in  which  the  height  and  width  of  the 
several  steps  in  the  bit  are  regulated  by  adjustments  of  very  great 
accuracy  and  admitting  of  an  almost  endless  variety  of  figure  for  the 
bits.  This  key-cutting  machine  is  shown  in  Figs.  10  to  12,  Pktefl 
28  and  29,  and  consists  of  a  small  circular  saw  A  running  vertically, 
of  the  same  thickness  as  each  step  in  the  bit  I,  which  is  brought  np 
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to  the  saw  by  the  slide-rest  6.  The  bit  I  is  fixed  in  the  holder  C, 
which  rocks  npon  a  centre,  so  as  to  give  the  required  cnryatnre  to 
the  edge  of  each  step  in  the  bit  when  cut  by  the  saw,  as  shown  in 
the  fdll-size  section  of  the  bit-holder,  Fig.  11.  The  adjustment  of 
the  depth  of  cut  is  effected  by  the  set  screw  D  npon  the  slide-rest 
coming  np  against  the  eccentric  ring  E  npon  the  bed  of  the  slide- 
rest  ;  this  ring  is  turned  round  by  hand,  and  set  to  sixteen  different 
positions  by  means  of  the  catch-pin  F  and  the  sixteen  holes  on  the 
circumference  of  the  ring,  allowing  of  sixteen  different  depths  of  cut. 
The  lateral  adjustment  for  the  pitch  between  the  successive  steps  of 
the  bit  is  effected  by  the  two  bed-screws  Gr  Q  acting  on  the  slide-rest 
B,  having  a  dividing  plate  on  the  head  and  such  a  pitch  of  thread 
that  one  turn  of  the  screws  traverses  the  slide-rest  through  the  exact 
distance  of  one  step  in  the  bit.  The  occurrence  of  any  play  or 
hacklash  is  entirely  prevented  by  having  the  screws  placed  one  at 
each  end  of  the  slide-rest;  so  that  by  slacking  back  one  screw 
through  one  or  more  turns  and  then  advancing  the  other  through 
the  same  number  of  turns,  the  slide-rest  is  always  held  with  perfect 
steadiness  between  them,  filling  exactly  the  space  between  the  ends 
of  the  two  screws. 

The  number  of  changes  admissible  in  this  key-cutting  machine, 
if  used  for  making  keys  for  locks  having  six  levers,  is  the  number 
of  permutations  that  sixteen  terms  are  capable  of  when  taken  six 
together,  which  is  upwards  of  sixteen  millions.  Some  of  these 
changes  are  so  slight  that  too  great  accuracy  of  workmanship  would 
he  required  to  make  the  locks  accordingly ;  but  of  those  changes 
that  differ  from  one  another  so  far  that  no  lock  could  be  opened  by 
any  other  than  its  own  key,  more  remain  than  could  be  used  up  by 
all  the  locks  in  the  world. 

The  writer  may  observe  that  it  was  the  study  of  the  circumstances 
of  the  great  gold  robbery  previously  referred  to,  and  of  the  various 
modes  of  picking  locks,  which  led  him  to  turn  his  attention  to  the 
achievement  of  what  had  been  so  long  and  perseveringly  sought 
after,  namely  an  unpickable  lock.  The  principle  of  a  detached  bit 
has  been  previously  tried,  in  so  fiur  as  that  locks  have  been  made  in 
which  the  bit  of  the  key  was  deposited  in  the  lock  by  unscrewing 
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the  key  stem,  and  then  withdrawn  bj  screwing  in  the  stem  again. 
Bat  inasmnch  as  the  detached  bit,  even  thongh  it  &iled  to  open  the 
lock  in  the  case  of  a  counterfeit  key,  conld  always  be  brought  back 
again  to  the  keyhole  and  removed,  this  admitted  of  a  repetition  of 
attempts  with  successive  alterations  of  the  one  counterfeit  key, 
without  the  certainty  that  any  warning  would  be  given  by  the  lock 
of  sucli  attempts  having  been  made. 

In  another  still  more  complicated  lock  with  a  detached  bit  there 
were  two  keyholes,  into  one  of  which  the  bit  of  the  key  was  put, 
and  the  stem  being  then  unscrewed  from  the  bit  was  put  into  the 
second  keyhole  and  turned  round  so  as  to  close  the  first  keyhole 
over  the  bit ;  a  separate  handle  was  then  turned  to  work  the  lock, 
six  separate  operations  being  required  for  either  opening  or  closing 
the  lock.  Further  a  kind  of  retainer  has  been  attempted  by  so 
arranging  the  lock  that,  if  any  key  was  put  in  but  the  right  one,  it 
was  held  in  the  keyhole  in  such  a  manner  that  it  could  never  be  got 
out.  In  this  case  however,  if  the  false  key  would  not  open  the 
lock,  neither  would  it  let  even  the  right  one  do  so,  and  it  woold  be 
necessary  to  break  open  the  door  secured  by  the  lock. 

In  the  new  lock  described  in  the  present  paper  the  special  points 
that  have  been  aimed  at  are  the  following : — 

Firstly,  in  no  position  of  the  lock  is  there  any  access  to  the 
works  from  the  outside  through  the  keyhole.  This  access  through 
the  keyhole  is  more  or  less  a  defect  in  all  other  principles  of  lock, 
as  it  admits  of  feeling  and  manipulating  the  works  for  the  purpose 
of  getting  information  for  picking  the  lock  in  the  absence  of  the 
right  key  ;  whereas  in  the  new  lock  there  is  no  opening  whatever  at 
any  time,  except  the  two  plain  parallel  recesses  into  which  the  key 
and  the  bit  are  fitted.  From  the  moment  the  turning  of  the  lock 
commences  both  these  recesses  are  effectually  blocked  up :  the  one 
for  the  bit  being  conveyed  bodily  away  from  the  keyhole,  and  its 
place  taken  by  the  solid  metal  of  the  cylinder ;  while  the  other  is 
completely  filled  by  the  key,  which  cannot  be  withdrawn  except  by 
turning  it  back  to  the  original  position.  In  consequence  of  this 
construction  no  injury  can  be  done  to  the  lock  by  explosion  o{ 
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gnnpowder  in  the  keyhole,  the  only  openings  from  the  outside 
being  parallel  at  their  sides,  and  not  communicating  with 
any  portion  of  the  interior  of  the  lock;  and  the  simplicity  and 
solidity  of  construction  are  such  that  the  revolving  cylinder  is  made 
practically  air-tight  within  its  bearing.  This  effectually  prevents 
all  attempts  to  open  the  lock  by  picklocks,  and  leaves  no  alternative 
bat  the  attempt  to  make  a  sufficiently  accurate  copy  of  the  true 
key. 

Secondly,   as  no  clue  whatever  can    be    obtained    from    the 

outside   of   the  lock  respecting  the   key  required,  the  attempts 

upon  the  lock  are  thus  limited  to  the  chance  of  obtaining  a  wax 

impression  of  the  true  key.     The  difficulty  of  making  a  counterfeit 

key  sufficiently  correct  by  this  means  for  opening  one  of  the  best 

of  the  previous  constructions  of  lock  is  very  great ;  but  in  the  new 

lock  this  difficulty  is  greatly  increased  by  the  fact  of  the  levers 

remaining  absolutely  stationary  while  the  stump  enters  the  gatings, 

in  consequence  of  which  the  gatings  are  made  so  close  a  fit  to  the 

stump  that  an  exceedingly  minute  error  in  the  lifting  of  any  of  the 

levers  is  sufficient  to  prevent  the  lock  being  opened.     This  extreme 

delicacy  of  construction  can  be  carried    out  practically  without 

objection  in  the  new  lock,  because  there  is  no  possibihty  of  putting 

a  strain  from  the  key  upon  the  stump,  so  as  to  cause  injury  by 

forcing  it  at  the  moment  of  entering  the  gatings ;  for  the  only 

force  acting  upon  the  stump  at  that  time  is  the  uniform  pressure  of 

its    own   spring.     In  addition  to  this  source  of  increased  safety, 

there  is  the  still  more  important  circumstance  that  only  a  single 

trial  can  be  made   of   each  counterfeit  bit;    because,   if  carried 

forwards  far  enough  to  try  its  effect  in  opening  the  lock  by  passing 

the  levers,  the  bit  is  inevitably  lost  by  falling  through  the  lock  and 

inside  the  door.     Thus  not   only  is    all    chance  prevented  of   a 

second  trial  with  the  same  key,  but  the  bit  retained  inside  the  door 

gives  warning  of  the  attempt  having  been  made,  and  shows  how 

near  the  counterfeit  key  has   approached  to  the  original.     The 

numerous  cases  that  have  occurred  of  attempts  to  ope^  locks  by 

counterfeit  keys,   such    as    the    remarkable    instance    previously 

referred  to,  show  that  even  with  the  most  practised  hands  it  is  next 
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to  impossible  to  make  from  a  wax  impression  a  key  that  will  serve 
for  opening  a  good  lock  the  very  first  time  it  is  tried ;  and  the 
striking  importance  is  therefore  seen  of  this  arrangement  in  the 
new  lock,  which  prevents  more  than  a  single  attempt  being  made 
with  a  counterfeit. 

Thirdly,  another  advantage  to  be  named  in  this  lock  is  that  the 
stem  alone  of  the  key  is  required  to  lock  it,  bnt  it  can  only  be 
unlocked  by  the  complete  key.  The  stem  therefore  can  be  left  bj 
the  principal  of  an  establishment  for  locking  up  by  a  subordinate ; 
but  the  bit,  which  is  the  essential  part  of  the  key  required  for 
opening  the  lock,  need  never  be  used  or  seen  by  any  one  but  the 
principal  himself.  As  the  hole  in  the  external  door-plate  for  the 
stem  of  the  key  has  a  notch  on  one  side  only  to  admit  the  key-stem, 
and  the  cylinder  is  prevented  from  making  a  complete  revolution, 
the  stem  of  the  key  cannot  be  withdrawn  from  the  lock  except 
when  the  bolt  is  shot ;  so  that  its  absence  from  the  keyhole  serves 
as  a  proof  that  the  bolt  is  shot. 

Fourthly,  one  other  advantage  in  this  lock  is  its  simphciiy  and 
solidity  of  construction.  It  contains  no  more  parts  than  the  simpler 
forms  of  lever  lock  having  the  same  number  of  levers,  and  the 
total  number  of  separatje  pieces  in  the  complete  lock  is  only  sixteen. 
The  principle  of  security  therefore  upon  which  the  new  lock  is 
constructed  avoids  entirely  the  complications  and  the  delicate  and 
minute  class  of  work  rendered  necessary  in  other  locks  by  the  nse 
of  detectors  and  the  other  auxiliary  contrivances  employed  for 
increasing  the  difficulty  of  picking. 


Mr.  Fenby  exhibited  specimens  of  the  new  lock,  and  showed  its 
action  both  with  the  true  key  and  with  counterfeit  keys ;  and  he 
showed  by  trial  that  the  counterfeit  failed  to  open  the  lock, 
notwithstanding  that  by  means  of  the  permutating  cutting  machine 
it  had  been  made  a  much  nearer  approach  to  a  perfect  copy  than 
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was  practicable  in  the  best  handwork  irom  a  wax  impression.  He 
also  exhibited  the  key-catting  machine,  employed  for  cutting  the 
bits ;  and  also  a  set  of  burglar's  tools  employed  for  drilling  into  the 
door  of  an  iron  safe  sufficiently  for  breaking  open  or  removing  the 
lock,  showing  that  the  hold  required  for  giving  the  cutting  pressure 
upon  the  powerful  drill  employed  for  the  purpose  was  obtained  by  a 
steel  cross  piece  inserted  into  the  keyhole  and  turned  at  right 
angles,  so  as  to  hold  across  inside  the  lock ;  but  in  the  new  lock,  as 
the  keyhole  had  no  opening  into  the  lock  and  only  a  slight  shoulder 
on  one  side,  no  means  were  afforded  for  obtaining  the  required  hold 
for  the  drill. 

A  specimen  was  also  exhibited,  lent  by  Messrs.  Hobbs  and  Co., 
of  one  of  the  permutating  locks,  similar  in  construction  to  the  one 
shown  at  the  former  meeting  of  the  Institution  (see  Proceedings 
Inst.  M.  £.  1851,  Plates  33  to  35),  having  the  key  composed  of  a 
number  of  separate  bits,  the  arrangement  of  which  upon  the  key 
stem  coxdd  be  varied  at  pleasure,  while  the  lock  could  only  be 
unlocked  with  the  particular  arrangement  by  which  it  had  been 
locked.  The  present  lock  had  also  in .  addition  the  subsequent 
improvement  referred  to  in  the  paper,  the  stem  of  the  key  being 
removed  from  the  bits  during  the  operation  of  locking  and  unlocking. 

The  Ghaibman  remarked  that  the  paper  jujit  read  gave  a  very 
excellent  and  clear  description  of  the  detailed  working  of  the  new 
lock,  and  he  thought  this  construction  of  lock  was  a  most  valuable 
one,  as  affording  real  security  against  all  fraudulent  attempts.  He 
enquired  whether  there  would  be  any  possibility  of  tampering  with 
the  lock  by  examining  it  upoii  the  inside  of  a  safe  door,  whenever 
the  door  might  happen  to  be  left  unlocked. 

Mr.  Fenbt  replied  that  there  was  no  means  of  tampering  with 
the  lock  frt>m  the  inside  of  the  door,  as  the  two  keyholes  for  working 
the  lock  were  only  in  the  front  face  of  the  door,  and  the  lock  was 
all  closed  up  on  the  inside  of  the  door,  excepting  the  hole  through 
which  the  bit  was  allowed  to  drop  out ;  but  this  would  be  useless 
for  the  purpose  of  tampering  with  the  lock,  as  the  bit  dropped 
down  a  tube  leading  to  the  bottom  of  the  door,  through  which  no 
examination  of  the  lock  could  bo  successfully  made. 
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The  Chaibuan  enquired  whether  there  was  any  provision  against 
the  bit  being  accidentally  locked  up  inside  the  safe,  in  which  case  it 
appeared  the  lock  could  not  be  opened  again. 

Mr.  Fen  BY  replied  that  the  owner  of  the  safe  must  of  course  be 
carefnl  after  unlocking  the  safe  to  take  the  bit  ont  before  locking 
it  again,  otherwise  there  would  be  no  means  of  opening  the  lock 
afterwards  with  that  key.  As  a  precaution  however  against  any 
such  accident  each  lock  was  provided  with  three  bits,  all  duplicates, 
one  of  which  would  be  kept  in  the  pocket  for  use,  while  the  two 
others  would  be  preserved  in  a  place  of  safety  for  the  chance  of  any 
such  contingency.  Moreover  in  most  of  the  safes  fitted  with  these 
locks,  the  tube  through  which  the  bit  dropped  had  been  made  of 
such  a  length  as  to  carry  out  the  bit  on  opening  the  door,  dropping 
it  into  a  small  tin  tray  outside  the  safe ;  and  by  this  means  the 
accidental  locking  in  of  the  right  bit  was  rendered  impossible. 
One  of  the  advantages  of  the  new  lock  was  that  the  stem  of  the  kej 
was  not  required  to  be  kept  constantly  in  the  possession  of  the 
owner,  but  it  might  be  left  in  the  lock,  as  the  bit  alone  was  the 
valuable  part  of  the  key ;  and  as  the  bits  were  of  such  small  size 
and  convenient  shape,  a  number  of  them  might  readily  be  kept  in 
the  pocket  by  a  person  having  charge  of  a  number  of  safes,  without 
the  inconvenience  attending  a  large  bunch  of  ordinary  keys.  In 
the  case  of  an  attempt  being  made  to  open  the  lock  with  a 
counterfeit  bit,  the  advantages  of  retaining  the  counterfeit  inside 
the  safe  were  not  merely  that  the  person  attempting  the  lock  was 
deprived  of  his  instrument,  while  the  proprietor  inmiediatelj 
discovered  the  attempt  upon  the  next  occasion  of  opening  the  safe; 
but  the  retention  of  the  counterfeit  itself  afforded  the  means  of 
judging,  by  a  comparison  with  the  true  bit,  whether  the  attempt 
had  been  made  altogether  in  the  dark  as  to  the  actual  construction 
of  the  lock,  or  whether  it  was  likely  that  some  clue  regarding  the 
true  bit  had  been  obtained  by  means  of  a  wax  impression  or 
otherwise.  In  the  latter  case  the  owner  of  the  safe  might  think  it 
desirable  to  have  the  lock  taken  off,  and  the  arrangement  of  the 
levers  altered,  and  a  new  bit  made,  so  as  to  baffle  any  further 
attempts. 
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Mr.  W.  S.  LoNGRiDGB  observed  tliat  tlie  inconyenience  that  had 
been  alluded  to  with  the  new  lock,  of  accidentally  locking  up  fche 
bit  inside  the  safe,  was  no  greater  than  occnrred  with  an  ordinary 
safe  lock  if  ever  the  key  was  accidentally  lost ;  in  either  case,  nnless 
the  precaution  was  taken  of  keeping  a  duplicate  in  reserve,  it  would 
of  course  be  necessary  to  have  the  safe  broken  open. 

The  Chairman  enquired  how  the  ideas  had  been  arrived  at  of 
separating  the  bit  from  the  key,  and  of  preventing  all  access  to  the 
works  through  the  keyhole,  and  also  of  retaining  the  bit  inside  the 
door  after  any  attempt  at  unlocking. 

Mr.  Fenby  replied  that  his  attention  had  in  the  first  instance 
been  attracted  to  the  subject  of  the  picking  of  locks  as  a  mechanical 
problem,  and  he  had  found  that  there  had  hitherto  been  no  principle 
in  lockmaking  which  could  effectually  baffle  persevering  attempts  at 
picking.  For  although  there  were  certain  complicated  constructions 
of  locks,  having  many  points  of  excellence,  they  had  all  yielded  in 
time  to  the  picking  instrument  in  clever  hands ;  and  it  must  be 
remembered  that  any  individual  lock  when  once  constructed 
remained  stationary  as  regarded  subsequent  improvement,  whereas 
the  art  of  picking  that  lock  was  continually  progressing  towards 
success,  with  all  previous  constructions  of  locks,  and  it  was  clear 
therefore  that  the  lock  must  ultimately  be  defeated.  He  had  been 
farther  stimulated  in  the  investigation  of  this  subject  by  the 
occurrence  of  the  great  gold  robbery  referred  to  in  the  paper ;  and 
the  circumstance  which  had  struck  him  most  forcibly  in  connection 
with  that  robbery  had  been  that  locks  of  the  best  make  hitherto 
known  had  admitted  of  seven  successive  trials  being  made  upon 
tbem  without  detection,  each  trial  furnishing  the  information  for 
ftirther  perfecting  the  counterfeit  key,  until  the  locks  were  at  length 
opened. 

These  considerations  had  led  him  to  the  conclusion  that  two 
points  were  established  and  were  required  to  be  kept  in  view  for 
the  construction  of  any  lock  that  should  be  really  secure  against 
fraudulent  attempts.  The  first  point  was  that  wherever  a  man 
could  get  instruments  into  the  lock  he  could  ultimately  solve  any 
problem  laid  before  him  by  the  maker  of  the  lock,  as  the  lock  when 
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once  made  could  be  tried  any  number  of  times  if  an  instrnment 
conld  be  got  into  it  at  all.  Hence  be  bad  conclnded  tbat  it  was 
requisite  for  all  access  to  tbe  interior  to  be  cut  off,  so  as  to  prednde 
all  possibility  of  getting  a  picklock  in ;  and  this  was  accordingly 
accomplished  by  adopting  the  plan  of  separating  the  bit  from  the 
stem  of  the  key.  The  second  point  established  was  that  it  was 
necessaiy  to  prevent  the  possibility  of  making  a  succession  of 
trials  with  the  same  counterfeit  key ;  and  it  had  then  strack 
him  that,  if  the  bit  of  the  key  were  arranged  to  drop  inside  the 
safe  in  unlocking,  there  would  be  no  means  of  going  on  graduaQj 
improving  and  touching  up  the  counterfeit  firom  tlie  results  of 
previous  trials,  as  the  false  bit  would  be  irrecoverably  lost  in  the 
very  first  attempt,  without  famishing  any  clue  whatever  as  a  guide 
for  alteration  in  a  subsequent  trial.  The  first  lock  that  he  had 
invented  for  meeting  the  requirements  thus  pointed  out  had  been 
made  with  a  solid  block  having  a  tunnel  through  it,  but  involving 
the  same  principle  of  retaining  .the  bit  of  the  key  and  keeping  the 
levers  inaccessible  fi'om  the  outside.  Subsequently  however  he 
had  abandoned  that  construction  and  produced  the  new  lock  shown 
in  the  drawings,  having  the  revolving  barrel  with  radial  slot. 

The  Chairman  proposed  a  vote  of  thanks  to  Air.  Fenby  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated. 


PEOCBEDINGS. 


31  July  and  1  August,  1866. 


The  AimuAL  Mebtinq  of  tlie  Members  was  held  in  the  Lectnre 
Theatre,  Mechanics'  Institution,  David  Street,  Manchester,  on 
Tuesday,  31st  Jnly,  1866 ;  Joseph  Whitwoeth,  Esq.,  President,  in 
the  Chair. 

The  Miuntes  of  the  last  General  Meeting  were  read  and 
confirmed. 

The  Pbesibekt  announced  that  the  Ballot  Lists  had  been  opened 
hjthe  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected  : — 


MEMBERS. 

William  Adams,  . 
Oeobgb  Abmstbono, 
William  Cabfmael,  Jun.,     . 
Henbt  Chapman, 
Edward  Freer  Daniel, 
Joseph  Beyerlet  Fenbt, 
Charles  John  Oallowat,    . 
William  Ireland,    . 
AxBAN  Meredith, 
Alfred  Sagrb, 
Joseph  Smethurst, 
Eli  Spencer,  . 
John  Classon  Stephens, 
John  Stevenson,     , 
HenrtWrbn, 


London. 

Wolverhampton. 

London. 

Paris. 

Shrewsbury. 

Birmingham. 

Manchester. 

Manchester. 

Dalton-in-Fomess. 

Sheffield. 

Guide  Bridge. 

Oldham. 

Dublin. 

Middlesbrough. 

Manchester. 
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ASSOCUTE. 

Richard  Lewis  White,    .        .        .     Swindon. 

GRADUATES. 

James  Butler,     ....         Mancliester. 
Thomas  Snowden  Butler,  Leeds. 


The  following  paper  was  then  read : — 
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ON  THE  PROOF  OF  GUNS  BY  MEASUREMENT, 
WITH  DESCRIPTION  OF  THE  INSTRUMENT  EMPLOYED. 


By  the  President,  JOSEPH  WHITWOBTH,  Esq. 


Many  rifled  Ghins  have  doubtless  been  permanently  injured  by 
haying  been  proved  with  excessive  charges.  The  vrriter's  object 
has  been  to  ascertain  what  amount  of  charge  any  particular 
description  of  gun  will  bear,  without  a  permanent  alteration  of 
its  parts  ;  and  by  the  use  of  his  Contact  Measuring  Instrument  for 
this  purpose  a  difference  of  one  ten-thousandth  part  of  an  inch  can 
be  detected. 

Before  commencing  the  proof  an  exact  measure  is  taken  of  the 
bore  of  the  gun  opposite  the  centre  of  the  powder  charge  A, 
Fig.  1,  Plate  31 ;  and  also  opposite  the  centre  of  the  projectile  B. 
A  shot  is  then  fired  with  a  powder  charge  somewhat  smaller 
than  that  intended  when  using  the  proper  weight  of  projectile* 
The  bore  is  again  measured  at  the  same  places,  and  also  near  the 
base  of  the  shot,  which  will  be  found  to  have  enlarged  the 
most ;  and  this  enlargement  takes  place  more  or  less  even  with 
what  may  be  considered  a  legitimate  charge,  and  is  altogether 
independent  of  the  general  overstraining  and  enlargement  produced 
by  an  excessive  charge. 

As  a  general  rule  the  writer  has  found  that,  as  regards  accuracy 
of  fire  and  penetration,  the  best  length  for  a  solid  projectile  is 
three  diameters  ;  and  the  total  weight  of  powder  that  the  gun  can 
wholly  consume  before  the  shot  has  left  the  gun  is  about  one 
seventh  of  the  weight  of  this  projectile.  Applying  these  propor- 
tions to  the  600  pounder  gun  now  in  our  service,  which  has  a 
bore  of  18  inches,  it  should  fire  a  990  lbs.  shot  and  consume  141 
lbs.  of  powder ;  while  the  American  gun  of  15  inches  bore  should 
fire  a  1522  lbs.  shot  with  217  lbs.  of  powder.     It  thus  appears  that 
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the  bores  are  too  large  in  the  above  cases;  and  therefore  the 
guns  themselres  will  be  found  totally  inefficient  when  thej  bave 
to  contend  with  others  of  smaller  bores  nsing  the  proportions  of 
powder  and  shot  that  have  been  named. 

The  Instrument  designed  by  the  writer  for  the  proof  of  gons  bj 
measurement  is  shown  in  Figs.  4  to  6,  Plates  32  and  33.  Fig.  1  is  a 
longitudinal  section  of  a  7  inch  gun,  the  dotted  lines  showing  the 
measuring  instrument  as  when  placed  in  the  bore  for  measuring. 
Fig.  4  is  a  longitudinal  section  to  a  larger  scale,  and  Fig.  6  a 
transverse  section  of  the  gun  and  the  head  of  the  measuring 
instrument  drawn  half  ftiU  size,  showing  the  three  sliding  feelers 
and  contact  pieces  by  which  the  measurement  is  effected. 

The  long  stem  of  the  measuring  instrument  is  composed  of  two 
tubes,  which  for  strength  and  lightness  are  made  of  steel.  The 
outer  tube  G  is  attached  to  a  brass  head,  which  has  three  radial 
arms  DDD.  Into  grooves  in  these  arms  are  accurately  fitted  the 
three  sliding  steel  feelers  F,  which  are  secured  in  their  places  hj 
a  covering  plate.  The  inner  ends  of  these  feelers  work  in  three 
inclined  dovetailed  grooves  in  the  wedge  piece  Q,  which  is  attached  to 
the  end  of  the  inner  tube  E ;  their  outer  ends,  which  come  in  contact 
with  the  sides  of  the  bore  of  the  gun,  have  pieces  of  hardened  steel 
screwed  on  in  order  to  reduce  the  wear  to  a  minimum,  and  render 
the  feeling  more  sensitive.  To  the  outer  end  of  the  inner  tube  E  is 
attached  a  square-threaded  screw  H,  Figs.  4*  and  5,  1-lOth  inch 
pitch ;  and  to  the  same  end  of  the  outer  tube  G  is  attached  a  brass 
nut  J  working  on  the  screw  H.  This  nut  is  made  in  two  pieces 
which  are  tightened  together  endways  on  the  screw,  so  as  to  take 
out  back-lash  or  "  lost  time."  On  the  nnt  is  fitted  a  micrometer 
wheel  K  having  fifty  divisions.  A  slot  is  cut  in  the  outer  tube  C, 
and  a  pointer  I  attached  to  the  inner  tube  works  through  this 
slot  and  affords  the  means  of  measuring  accurately  the  movement 
of  the  inner  tube. 

As  the  nut  J  attached  to  the  outer  tube  is  fixed,  the  inner  tube 
is  drawn  in  or  out  1-10  th  inch  by  each  revolution  of  the  micrometer 
wheel ;  and  as  the  inclined  grooves  in  the  wedge  piece  Q  have  an 
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indination  of  1  in  20,  one  division  of  tlie  niicTometer  wheel  K 
causes  the  feelers  F  to  move  out  or  in  through  *0001  inch  or 
l-10,000th  inch ;  and  an  enlargement  of  the  bore  to  this  minute 
extent  of  l-10,000th  inch  is  decidedly  felt  by  moving  the  rod  and 
feelers  backwards  and  forwards  a  short  distance  within  the  bore  of 
the  gon.  The  rod  G  is  supported  at  the  muzzle  of  the  gun  on 
a  grooved  brass  pulley  L,  Fig.  4,  which  facilitates  its  free  movement 
backwards  and  forwards  in  the  bore  of  the  gun.  In  order  to 
measure  with  the  greatest  accuracy,  it  is  necessary  that  the  bore  of 
the  gon  be  carefully  washed  out  after  each  discharge,  as  any  fouling 
or  particles  of  grit  left  in  the  bore  would  interfere  with  the  requisite 
measurement.  With  care  a  skilfal  manipulation  may  always  detect 
a  difference  of  only  one  ten-thousandth  part  of  an  inch. 

During  the  competitive  trials  of  the  special  committee  at 
Shoebnryness  in  1864  the  writer  designed  this  measuring  instrument 
for  ascertaining  for  his  own  information  the  alteration  which 
took  place  in  the  bore  of  the  70  pounder  g^n  under  trial.  The 
measurements,  which  were  careMly  taken  at  different  times  daring 
the  firing  of  nearly  3000  rounds,  showed  that  the  enlargements 
of  the  bore  with  successive  charges  of  10  lbs.  of  powder  and  70  lbs. 
shot  were  r^alar,  and  were  due  entirely  to  wear  of  the  gun  in  the 
powder  chamber ;  but  when  the  powder  charge  was  increased,  and 
a  large  air  space  left,  the  gun  being  loaded  each  time  with  a  number 
of  shot,  the  enlargement  of  the  bore  was  so  rapid  that  a  continuance 
of  those  charges  must  have  led  to  the  destruction  of  the  gun,  as  the 
enlargements  showed  that  a  permanent  set  must  have  taken  place 
at  every  discharge. 

In  the  first  2886  rounds  the  total  enlargement  in  diameter  at 
the  base  of  the  shot  was  '0198  inch,  as  shown  in  the  accompanying 
Table.  In  the  next  50  rounds,  40  were  fired  with  heavier  shot, 
iiamely  20  rounds  with  140  lbs.  and  20  with  280  lbs.,  and  an 
ur  space  of  12  inches  was  left  between  the  powder  and  shot ; 
the  forther  enlargement  of  the  bore  at  the  base  of  the  shot  was 
'0170  inch,  showing  that  nearly  as  much  total  enlargement  was 
caused  by  these  50  rounds  as  by  the  previous  2886  rounds.    The 
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last  15  rounds,  fired  with  still  heavier  shot  varying  from  350  to  490 
Ihs.,  and  5  of  them  with  an  increased  powder  charge  of  15  lbs., 
produced  a  still  further  enlargement  of  '0157  inch,  being  ne&rly 
equal  to  that  of  the  2886  or  the  50  rounds. 

The  total  enlargement  of  the  bore  at  35  inches  in  from  the 
muzzle  after  firing  2886  rounds  was  '0018  inch. 

Trials  of  70  potmder  Whiiworth  Qun, 


Weight  of 
Powder. 

Weight  of 
Shot. 

Air  Space. 

No.  of 
Rounds. 

Snlsn  ement 
of  I  ore. 

Lbs. 

Lbs. 

Inches. 

Inch. 

10 

70 

992 

•0062 

10 

70 

1036 

•0054 

10 

70 

868 

•0082 

Total 

2886 

-0198 

10 

70 

12 

10 

10 

140 

12 

20 

10 

280 

12 

20 

1 
1 

Total 

60 

•0170      1 

10 

490 

12 

10    • 

16 

360 

6 

1 

15 

420 

6 

1 

15 

490 

6 

3 

• 

Total 

16 

•0167 

These  trials  show  that,  so  long  as  the  strain  did  not  exceed  the 
elastic  limit  of  the  material,  no  enlargement  of  the  bore  beyond  that 
due  to  wear  took  place ;  but  when  this  limit  was  exceeded,  a  certain 
amount  of  permanent  injury  was  done  to  the  gun  by  each  discharge- 

The  use  of  this  measuring  instrument  simply  affords  the  means 
of  carrying  out  in  the  testing  of  guns  the  principle  that  is  adopted 
in  testing  girders,  in  which  the  effect  caused  by  the  test  loads  is 
carefully  observed  as  to  the  permanent  set  produced,  and  any  risk 
of  injury  from  undue  strain  is  thus  avoided. 
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Mr.  W.  Faiebaibn  observed  that  the  measnring  instrnment 
which  had  been  described  appeared  well  adapted  for  the  purpose 
intended,  and  afforded  the  means  of  measnring  with  extreme 
accnracy  the  exact  enlargement  produced  in  the  bore  by  a  number 
of  discharges.  The  use  of  the  measuring  instrument  in  the  trials 
described  in  the  paper  now  showed  that  nearly  as  much  damage 
was  done  to  the  gxm  by  enlargement  of  the  bore  in  50  rounds  with 
a  very  heavy  charge  as  in  2886  rounds  with  the  more  moderate 
charge  that  the  gun  was  intended  to  carry;  and  it  therefore 
appeared,  particularly  in  the  case  of  the  heavier  charges,  that  it 
was  merely  a  question  of  time  how  long  the  gun  would  stand  the 
repeated  discharges  before  becoming  so  much  damaged  as  to  be  in 
danger  of  bursting.  The  result  thus  arrived  at  by  applying  the 
system  of  measurement  to  the  proof  of  guns  was  a  confirmation  of 
what  was  observed  in  other  cases  in  connection  with  the  strains  of 
materials;  for  in  regard  to  the  limit  of  elasticity  in  different 
materials,  although  this  was  intended  to  mean  such  a  limit  of  strain 
that  any  lower  strain  woidd  not  produce  a  permanent  set  in  the 
material,  yet  he  had  found  that  a  strain  amounting  to  only  one 
tenth  of  that  limit,  when  repeated  often  enough,  led  ultimately  to 
fracture;  and  he  therefore  inferred  that,  even  in  the  case  of  still 
smaller  charges,  the  gun  must  ultimately  be  destroyed  by  repeated 
discharges,  even  supposing  it  should  stand  as  many  as  6000  rounds 
with  only  the  same  amount  of  enlargement  that  was  now  found 
to  be  produced  in  3000  rounds.  The  great  importance  however  of 
employing  measurement  in  proving  any  description  of  ordnance  was 
evident,  in  order  to  have  reliable  means  of  determining  how  many 
rounds  a  gun  should  sustain  before  it  became  dangerous  and 
absolutely  likely  to  burst. 

The  President  remarked  that  one  point  which  had  been  satis- 
factorily established  by  the  use  of  the  measuring  instrument  was 
that  the  wear  of  the  gun  was  mainly  confined  to  the  powder 
chamber,  and  that  very  little  wear  was  produced  by  the  friction 
of  the  shot  in  the  gun.  It  had  been  anticipated  by  some  military 
and  naval  men  that  iron  shot  would  never  do  at  all  for  an  iron  gun, 
hut  that  they  would  wear  the  gun  out  in  much  less  than  1000  rounds. 
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The  meaanrement  showed  however  that^  after  firing  as  many  as 
8000  rounds  with  the  iron  shot,  the  total  wear  at  a  distance  of  35 
inches  from  the  mnzzle  amounted  to  only  about  l-500iih  inch  on 
the  diameter,  or  only  1-lOOOth  inch  on  each  side  of  the  bore,  wliich 
was  a  very  satis&ctory  result  to  arrive  at. 

Mr.  B.  FoTHEBQiLL  enquired  whether  it  was  a  cylindrical  or 
spherical  shot  which  produced  so  little  wear  in  the  bore  of  tiie 
gun. 

The  Pbssidskt  explained  that  the  shot  was  not  cylindrical  or 
spherical,  but  was  hexagonal  with  the  comers  rounded,  fitting  the 
bore  of  the  gun,  as  shown  in  the  drawing  (Figs.  2  and  8,  Plate  31), 
which  exhibited  the  most  perfect  form  of  shot  for  length  of  range 
and  accuracy  of  flight ;  the  length  of  the  shot  was  about  three 
diameters,  and  the  rifling  was  about  one  turn  in  twenty  diamefcen 
length.  The  ordinary  shot  was  of  cast  iron  ;  and  it  was  rounded  off 
at  the  front  end,  and  tapered  a  little  at  the  rear,  as  shown  in  the 
drawing  (Fig.  2). 

Mr.  B.  Nafieb  enquired  whether  the  wear  produced  by  the  ahot 
was  greater  on  the  lower  or  the  upper  side  of  the  bore. 

The  Pbesidjbnt  replied  that  the  wear  of  the  gun  took  place  upon 
the  flat  sides  of  the  hexagonal  bore,  and  there  would  not  be  ai^ 
difference  in  the  wear  of  the  bore  on  one  side  more  than  m 
another  with  the  polygonal  form  of  rifling. 

Mr.  F.  J.  Bbam WILL  enquired  what  was  the  amount  of  windage 
allowed  in  the  gun,  and  whether  the  wear  from  the  rush  of  gas  was 
not  found  to  be  principally  on  the  upper  side  of  the  bore.  He 
asked  also  what  length  the  powder  would  occupy  in  the  gon,  when 
the  weight  of  powder  employed  was  one  seventh  that  of  the  shot, 
according  to  the  proportion  given  in  the  paper. 

The  Pbesident  replied  that  the  amount  of  windage  in  the  gan 
was  5-lOOths  inch  in  diameter ;  and  the  tendency  of  the  polygonal 
shot  was  to  centre  itself  in  the  bore  when  started.  The  windage 
of  '05  inch  was  obtained  by  allowing  '02  inch  difference  between  the 
diameter  of  the  bore  and  of  the  shot,  and  abo  by  an  additional 
windage  being  given  at  each  of  the  comers  of  the  hexagonal  bore  by 
bevelling  outwards  each  of  the  sides  or  **  flats  "  from  the  centre  to 
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the  comers ;  tbis  addiidonal  windage  at  the  janction  of  the  flats  and 
oomers  was  '015  inch  on  each  side  or  '03  inch  in  diameter,  making 
a  total  windage  at  the  comers  of  *05  inch  in  diameter  between  the 
bore  and  tbe  shot. 

The  10  lbs.  weight  of  powder  employed  with  the  70  lbs.  shot 
occupied  a  length  of  about  three  diameters  in  the  bore  of  the  gun, 
the  space  occupied  by  the  shot  and  the  powder  being  the  same  when 
the  proportion  of  7  to  1  in  weight  was  adopted,  wbich  had  been 
found  by  experiment  to  give  the  best  results.  In  the  longitudinal 
section  of  the  7  inch  gun  shown  in  the  drawing  (Fig.  1,  Plate  31) 
the  powder  filled  the  space  A  of  about  20  inches  length,  and  the 
shot  B  occupied  also  a  length  of  20  inches.  He  considered  it 
desirable  to  put  as  much  powder  into  tbe  g^n  as  could  be  wholly 
consumed  before  the  shot  had  passed  out  at  the  muzzle,  and  then 
it  was  clear  that  tbe  greatest  possible  effect  was  obtained  from  both 
the  gun  and  the  powder;  and  in  accordance  with  this  condition 
he  had  found  that  as  a  general  rule  three  diameters  length  of 
powder  was  the  best  for  a  solid  shot  such  as  he  had  employed, 
having  a  length  of  about  three  times  its  diameter. 

Mr.  F.  J.  Bramwell  noticed  that  in  the  second  and  third  sets  of 
trials  with  the  70  pounder  gun  an  air  space  had  been  left  between 
the  powder  and  the  shot,  which  he  presumed  had  been  done  for  the 
purpose  of  increasing  the  strain  on  the  gun;  and  he  enquired 
whether  a  longer  air  space  than  the  12  inches  left  in  the  trials 
would  still  further  increase  the  strain,  or  whether  there  was  a  limit 
in  the  increase  of  strain  resulting  from  the  air  space. 

In  reference  to  the  enlargement  of  only  l-50th  inch  in  the  bore 
after  the  first  2886  rounds,  he  enquired  whether  this  small  amount 
of  enlargement  might  not  be  merely  the  permanent  set  resulting 
from  taking  up  the  slack  parts  of  the  gun,  and  not  a  sign  of  injury 
produced  by  overstraining ;  and  he  asked  what  was  considered  the 
proportion  of  enlargement  that  must  take  place  with  an  ordinary 
charge,  without  indicating  injury  to  the  gun. 

The  Pmsidsnt  replied  that  the  air  space  left  between  the  end  of 
the  powder  and  the  shot  in  the  trials  was  expressly  for  the  purpose 
of  "punishing  "  or  intentionally  overstraining  the  gun,  in  order  to 
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try  the  effect  of  an  extreme  strain  ;  but  in  ordinary  practice  no  air 
space  was  left,  the  shot  being  always  rammed  home  on  the  powder. 
With  reference  to  the  amount  of  the  air  space,  some  experiments 
which  he  had  made  with  rifle  barrels  showed  that  the  longer  the  air 
space  the  greater  was  the  strain  on  the  gun ;  and  showed  also  how 
very  severe  a  strain  was  produced  on  a  gun  by  leaving  any  length 
of  air  space  at  aU.  The  mode  in  which  the  strain  acted  upon 
the  barrel  was  also  very  remarkable,  the  effect  appearing  to  he 
concentrated  at  a  particular  point,  producing  a  definite  annular 
bulge  all  round  the  barrel  at  that  point,  instead  of  the  enkrgement 
being  distributed  uniformly  over  the  length  of  the  air  space.  In  a 
rifle  barrel  of  '45  inch  diameter  with  a  special  charge  of  120  grains 
of  powder  and  a  special  hexagonal  shot  weighing  700  grains,  an  air 
space  of  3  inches  length  being  left  between  the  powder  and  the  shot, 
the  bulge  was  found  at  ^  inch  in  front  of  the  point  where  the  hack 
end  of  the  shot  had  been  before  firing ;  and  by  then  lengthening 
the  air  space  1  inch,  a  second  bulge  was  obtained  1  inch  in  front  of 
the  first  bulge.  This  result  appeared  very  striking,  the  interval 
between  the  two  bulges  being  perfectly  parallel  and  well  defined  in 
position. 

In  reference  to  the  question  whether  the  gun  might  not  reoeire 
a  certain  amount  of  enlargement  at  first  in  the  way  of  permanent 
set,  without  sustaining  any  damage,  he  did  not  think  that  this  was 
the  case.  It  should  be  mentioned  indeed  that  a  certain  amount  of 
wear  took  place  in  the  powder  chamber,  not  from  strain  but  from 
the  action  of  the  gas  rushing  past  at  the  moment  of  firing ;  and  the 
greatest  amount  of  this  wear  was  a  little  beyond  the  base  of  the 
shot :  not  exactly  at  the  base  of  the  shot,  in  a  gun  of  the  kind  shown 
in  the  drawing,  but  from  1  to  2  inches  in  fr^nt  of  that  pointy  over 
the  shot  itself.  With  the  exception  however  of  the  wear  occasioned 
at  that  particular  place  by  the  rush  of  the  gas,  he  thought  that  the 
gun  was  injured  by  any  enlargement  at  all,  however  small  the 
amount.  In  experimenting  at  Woolwich  three  weeks  ago  with  a 
150  pounder  gun  of  similar  construction  to  the  one  shown  in  the 
drawing,  he  had  tried  a  charge  of  20  lbs.  of  powder,  which  was  about 
the  utmost  that  the  gun  could  consume.     After  firing  a  single 
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fibot  of  150  lbs.  weight,  no  enlargemezit  whatever  was  found  to 
have  been  prodnced,  and  two  shots  were  then  fired  with  the 
same  result;  but  on  firing  three  shots,  an  enlargement  of  about 
1-1 500th  inch  was  found  to  have  been  occasioned  at  three  places 
near  the  breech.  This  showed  that  the  gun  would  fire  two  shots 
witbont  injury,  but  with  three  shots  it  was  so  fiur  damaged. 

Mr.  J.  Kenvan  enquired  whether  the  three  shots  were  put  in 
close  to  one  another,  or  whether  any  air  space  was  left  between 
them. 

The  President  replied  that  no  air  space  was  lefl  between  the 
three  shots,  and  they  were  flat-ended  and  all  in  contact,  so  that 
tbey  would  have  the  same  effect  in  the  gun  as  if  all  one  shot. 

Mr.  H.  Maudslat  asked  whether  any  difference  in  Motion  had 
been  found  between  cast  iron  shot  and  wrought  iron  shot. 

The  President  said  he  was  not  able  to  state  whether  there  was 
any  difference  or  not,  as  wrought  iron  shot  was  so  seldom  used, 
cast  iron  being  almost  exclusively  employed  for  the  purpose.  The 
small  amount  of  wear  produced  in  the  bore  of  the  gun  by  the 
friction  of  the  shot  might  be  explained  by  the  circumstance  that 
there  was  always  a  certain  amount  of  fouling  in  the  gun  from  the 
previous  discharge,  so  that  the  shot  rode  upon  a  coating  of  fouling 
every  time  the  gun  was  fired.  There  was  found  to  be  a  little  wear 
just  at  the  muzzle  of  the  gun,  in  consequence  of  the  shot  not  being 
always  put  in  quite  straight  in  loading  the  gun. 

Mr.  W.  Fairbairn  said  he  had  had  the  pleasure  of  visiting  the 
President's  works  on  the  previous  day,  and  had  seen  there  a  very 
ingenious  vent  designed  by  the  President  for  obviating  the  objection 
hitherto  met  with  in  guns  of  the  vent  becoming  worn  away  afber 
repeated  discharges  so  as  to  require  frequent  renewal.  It  consisted 
of  a  piece  of  platinum  in  the  form  of  a  long  plug,  screwed  into 
the  breech  of  the  g^n  and  having  the  vent  hole  drilled  through 
its  centre,  while  the  inner  end  of  the  ping  was  enlarged  into  a 
conical  head ;  and  from  the  results  of  experiments  such  an  angle 
of  cone  had  been  obtained  that  neither  the  wear  from  the  escape 
through  the  vent  at  the  moment  of  discharge  nor  the  pressure  of 
the  discharge  produced  any  effect  upon  the  size  of  the  aperture 
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in  the  platiniim,  in  oonfieqnence  of  whicli  a  much  larger  number  of 
ronnda  could  now  be  fired  before  the  vent  piece  required  renewal 

Mr.  B.  Napier  enquired  what  was  the  angle  of  the  cone  in  the 
phttinnm  vent  piece. 

The  Prbsideivt  repHed  that  the  inclination  that  was  fbimd  Uie 
best  for  the  sides  of  the  cone  to  the  aads  was  aboat  30*^,  as  shofni 
at  TT  in  the  fnll  size  longitudinal  section  of  the  platinnm  rent 
piece  (Fig.  8,  Phtte  33).    With  a  more  obtuse  cone  it  had  been 
found  that  the  apertui*e  of  the  vent  became  gradually  enlarged  hj 
the  wear  caused  by  the  rush  of  gas  through  the  yent  hole ;  whik 
with  a  smaller  angle  than  30^  the  vent  aperture  became  gndiuJl^ 
contracted  in  size,  owing  to  the  platinum  cone  being  driyen  in  hj 
the  pressure  of  the  explosion ;  but  with  the  particular  angle  of  cone 
that  was  adopted  this  gpradual  contraction  just  compensated  for  the 
wear  of  the  vent^  so  as  to  maintain  a  constant  size  of  apertore^ 
Preyiously  guns  required  to  be  vented  by  means  of  a  fresh  tube  at 
about  erery  400  rounds ;  but  with  the  platinum  vent  as  manj  as 
4000  rounds  had  been  fired  with  one  vent  piece,  the  only  wear  being 
on  the  fiat  sur&ce  of  the  end  that  was  exposed  to  the  inside  of  the 
powder  chamber. 

Mr.  W.  Fairbairn  moved  a  vote  of  thanks  to  the  President  for 
his  very  interesting  paper,  which  was  passed. 


The  following  paper  was  then  read : — 
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DESCRIPTION    OF   AN    DiPROVBD 
REVERSING  ROLLING  MILL. 


By  Mb.  JOHN  BAMSBOTTOM,  of  O&ews. 


The  improyed  Reversing  Rolling  Mill  described  in  the  present 
paper  has  been  in  operation  for  seven  months  at  the  Steel  Works  of 
the  London  and  North  Western  Railway  at  Crewe,  having  been 
designed  and  laid  down  by  the  writer.  The  special  point  in  the 
arrangement  is  that  the  rolls  are  driven  direct  by  the  engine^ 
without  the  intervention  of  a  flywheel ;  and  the  engine  and  rolls 
together  are  reversed  each  time  that  a  heat  is  passed  through,  the 
rolling  being  alternately  in  opposite  directions.  The  idea  of 
reversing  a  train  of  rolls  by  reversing  the  engine  at  each  passage  of 
the  heat  through  the  rolls  was  first  suggested  by  Mr.  Nasmyth,  but 
has  never  to  the  writer's  knowledge  been  carried  out  before. 

A  general  plan  of  the  rolling  mill  and  engines  is  shown  in 
Fig.  1,  Plate  34,  and  an  enlarged  plan  of  the  Engines  in  Fig.  2, 
Plate  35 ;  Fig.  3,  Plate  36,  is  a  side  elevation  of  the  engines,  and 
Fig.  4  a  transverse  section.  They  are  a  pair  of  direct-acting 
horizontal  engines  coupled  at  right  angles,  as  shown  in  the  plan, 
Fig.  2;  and  they  are  reversed,  without  shutting  off  steam,  by 
hydraulic  power,  by  means  of  the  arrangement  shown  in  plan  in 
Fig.  2  and  m  elevation  to  a  larger  scale  in  Fig.  7,  Plate  37.  The 
reversing  shaft  A  is  connected  by  links  to  a  piston  working  in  a 
small  cylinder  B  of  4  inches  diameter  and  10|  inches  stroke,  the 
water  pressure  being  300  lbs.  per  square  inch.  The  admission  of 
the  water  to  the  cylinder  is  regulated  by  a  shde-valve  worked  by 
the  shaft  and  hand  lever  CC.  This  shaft  is  prolonged  and  carried 
outside  the  engine  house,  as  shown  in  the  plan  Fig.  2,  in  order 
to  place  the  attendant  m  a  position  where  he  may  be  able  more 
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easily  to  seize  the  riglit  moment  for  reyersing.  The  shaft  C  is  made 
hollow,  as  shown  enlarged  in  Fig.  6 ;  and  through  it  nms  a  second 
shaft  with  hand  lever  DD,  which  regulates  the  main  steam-valve  E 
of  the  engines  by  the  lever  and  connecting  rod  F.  By  this  means 
the  attendant  standing  outside  the  engine  house  at  G  and  in  foil 
view  of  the  rolls  has  complete  command  over  the  engines  by  the  two 
handles  C  and  D.  A  hand  lever  is  also  fixed  on  the  reversiiig 
shaft  A,  as  a  provision  for  reversing  the  engines  in  the  event  of 
any  accident  occurring  to  the  hydraulic  gear  or  any  deficiencj  in 
the  water  supply. 

The  engines  make  S^  revolutions  for  one  revolution  of  the 
rolls,  and  the  speed  of  piston  is  about  4*  times  (4*14)  that  of  the 
circumference  of  the  rolls.  The  cylinders  H  K,  Fig.  2,  are  28  inches 
diameter  with  4  feet  stroke.  The  expansion  link  K,  Fig.  3,  shown 
to  a  larger  scale  in  Fig.  5,  is  the  straight  link  devised  by  Mr. 
Alexander  Allan,  and  is  driven  by  three  eccentrics  and  rods,  two 
at  one  end  and  one  at  the  other,  so  as  to  avoid  the  oblique  thrust 
inevitable  with  only  two  eccentric  rods. 

The  connection  between  the  engines  and  the  wiill  train  is  made, 
first  by  means  of  an  ordinary  clutch  shown  at  J  J  in  Figs.  I  and  2, 
and  secondly  by  a  friction  coupling  designed  by  the  writer,  and 
shown  in  position  at  LL.  This  friction  coupling  is  shown  enlarged 
in  Figs.  11  and  12,  Plate  40.  The  disc  M  is  keyed  on  the  driver 
shaft  N,  and  a  smaller  disc  0  is  mounted  wobbler^fi»hion  on  the 
mill  shaft  P,  and  tightly  compressed  between  the  driver  disc  and  a 
loose  ring  I  bolted  to  the  driver  disc.  Annular  segments  of  alder 
wood  packing  f  inch  thick  are  interposed  between  the  discs  to 
increase  the  bite,  and  are  placed  so  that  the  fibres  run  radially  to 
the  shaft.  This  friction  coupling  is  capable  of  transmitting  the 
whole  power  of  the  engines  in  regular  work ;  but  if  from  a  sudden 
obstruction  the  motion  of  the  rolls  is  arrested,  the  driver  disc  slips 
round  the  follower  without  moving  it,  and  no  injury  is  sustained 
by  any  part  of  the  machinery.  In  ordinary  roll  trains  it  has 
sometimes  happened  that  the  "  breaking  spindle  "  has  broken,  and 
that  the  broken  end  has  acted  as  a  lever  to  shift  the  engines  from 
their  bed ;  but  by  the  present  arrangement  the  probability  of  snch 
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ttn  occorrence  is  very  mnch  diminished,  and  many  stoppages  and 
breakages  are  avoided,  whereby  loss  of  capital  is  prevented. 

Tlie  engines  are  of  snch  power  that  there  is  no  necessity  to  do 
more  than  just  start  them  before  the  heat  enters  the  rolls.  Thns 
the  l&eavy  flywheel  nsaally  employed  is  not  required,  and  consequently 
the  engines  are  easily  reversed ;  neither  is  there  any  -expenditure  of 
fiteam  except  at  the  very  time  of  rolling.  For  the  same  reason  the 
wear  and  tear  of  machinery  and  the  necessary  lubrication  are 
reduced  to  a  mininiTim  in  this  mode  of  driving  the  rolls.  Instead 
of  tlie  heavy  flywheel  employed  in  the  ordinary  arrangement  of 
rolling  mills  as  a  reservoir  of  power,  in  which  the  power  of  the 
engine  is  previously  accumulated  ready  to  be  concentrated  upon  the 
work  at  the  time  of  rolling,  the  boiler  is  made  to  serve  as  the 
reservoir  of  power  in  the  new  rolling  mill ;  and  it  has  this  great 
advantage,  that  whereas  the  flywheel  contains  only  a  limited  store 
of  power,  which  continues  diminiflhing  during  the  time  of  application, 
the  boiler  supply  is  practically  unlimited,  so  that  the  rolling  power 
continues  constant  throughout  the  time  of  operation. 

In  the  rolling  of  puddled  slabs  for  the  frame  plates  of  locomotive 
engines,  which  are  reduced  3|  inches  in  thickness  at  one  heat 
in  the  roUs,  about  twenty-one  reversals  of  the  rolls  are  required. 
These  are  eflected  with  great  ease  and  almost  instantaneously  by 
the  arrangement  above  described,  the  shock  being  transmitted  to 
the  elastic  cushion  of  steam  in  the  cylinders  of  the  engines.  This 
handiness  allows  of  either  iron  or  steel  plates  being  passed  through 
both  the  roughing-down  rolls  and  the  finishing  rolls  at  one  heat ; 
and  the  work  is  thus  done  with  a  minimum  expenditure  of  heat  and 
waste  of  metal.  It  has  been  found  on  trial  not  at  all  difficult  to 
reverse  the  engines  together  with  the  whole  train  of  rolls  as  many 
as  73  times  in  one  minute. 

There  are  two  pairs  of  Bolls,  one  for  roughing  down  and  the 
other  for  finishing.  The  roughing-down  pair  are  24  inches  dicuneter 
by  6  feet  length;  they  are  shown  in  elevation  and  plan  in  Figs. 
8  and  9,  Plates  88  and  89,  and  Fig.  10,  Plate  40,  is  an  end  elevation; 
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Figs.  13  and  14i,  Plate  41,  are  transverse  sections  through  the 
housing  and  through  the  rolls. 

In  these  rolls  a  new  description  of  tightening-down  gear  has 
been  designed,  in  order  to  obtain  greater  fiMulity  and  aocoracj  in 
tightening  down  the  rolls,  and  to  ensnre  the  top  roll  being  at  all 
times  perfectly  parallel  to  the  bottom  rolL  This  gear  is  shown  in 
Figs.  8,  9,  and  14.  It  consists  of  a  vertical  wronght-iron  shaft  Q, 
carried  by  a  cast-iron  bed-plate  and  supported  at  the  npper  end  by 
the  wronght-iron  standard  S,  between  the  housings,  and  in  the 
centre  of  the  length,  of  the  rolls.  On  the  top  of  the  shaft  is  keyed 
a  spnr  wheel  T,  which  drives  the  two  spur  wheels  UU  on  the 
vertical  holding-down  screws  of  the  top  roll  B.  These  screws  woik 
in  steel  nnts  let  into  the  honsings,  as  shown  in  Fig.  13,  and  the  top 
bearing  of  the  centre  shaft  Q  is  also  a  corresponding  screw  working 
in  a  brass  nut,  so  that  the  centre  spnr  wheel  T  rises  and  desoends 
simnltaneonsly  with  the  two  enter  spnr  wheels  UU  wben  the  gear 
is  in  motion.  A  vertical  hjdranlic  ram  Y,  Figs.  8  and  10,  is  placed 
in  a  convenient  position  near  the  rolls ;  and  a  chain,  shown  hj  the 
thick  dotted  line,  is  &stened  at  one  end  to  the  barrel  of  the  ram, 
carried  thence  over  the  pulley  on  the  ram  head  Y,  down  again  to 
the  fixed  pulley  below,  and  thence  round  a  g^de  pulley  X  on 
the  nearer  roll  housing  to  the  spiral  chain-barrel  upon  the  lower  end 
of  the  vertical  centre  shaft  Q.  The  chain  makes  a  few  coils  round 
the  barrel,  and  the  end  is  &stened  to  the  barrel  near  the  top. 
Another  chain  is  &8tened  to  the  barrel  near  the  bottom,  and  after 
a  few  coils  round  the  barrel  quits  it  in  nearly  the  same  horiaontal 
plane  as  the  first  chain,  and  passes  off  on  the  opposite  side  and 
over  a  guide  pulley  on  the  further  bousing;  a  weight  W  is 
suspended  at  the  end  of  this  chain,  heavy  enough  to  overhaul  the 
other  chain  and  slack  back  the  tightening-down  screws  of  the  top 
roll,  when  the  water  pressure  is  shut  off  from  the  hydraulic  ram  Y 

When  a  slab  has  entered  and  passed  once  through  the  rolls,  the 
engines  are  reversed,  and  the  water  valve  being  opened  the  ram  V 
rises  and  haxds  in  the  chain,  driving  the  chain  barrel  and  causing 
the  tightening-down  screws  UU  to  descend  and  lower  both  ends  of 
the  top  roll  simultaneously  to  the  required  extent.    This  process  is 
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repeated  after  each  passage  of  tlie  slab  throngh  the  rolls.  When 
the  rolling  is  completed,  the  water  is  released  from,  the  ram, 
and  the  ram  falls,  while  the  counterbalance  weight  W  on  the  second 
chain  winds  np  the  tightening-down  screws  to  their  original  position  ; 
and  the  osnal  counterbalance  apparatus  Y,  Figs.  8  and  13,  applied 
to  the  top  roll  B,  causes  it  to  rise  with  the  upper  chocks. 

The  head  Y  of  the  hydraulic  ram,  Figs.  8  and  10,  carries  an 
index  finger,  which  by  means  of  graduations  on  the  guides  enables 
the  attendant  to  give  with  accuracy  the  requisite  amount  of  lowering 
of  the  top  roll  at  each  reversal,  and  thereby  to  reduce  each  slab 
with  certainty  to  exactly  the  same  thickness.  As  an  additional 
precaution  in  rolling  a  set  of  slabs  all  to  the  same  thickness,  a  chalk 
mark  is  made  on  one  of  the  spur  wheels  IT,  after  the  final  rolling 
of  the  first  slab ;  and  at  the  final  rolling  of  each  successive  slab  of 
the  same  set  a  stop  is  placed  in  the  teeth  of  the  spur  wheel  at  this 
mark,  stopping  the  screwing  down  always  at  the  same  point,  and 
thus  preventing  the  possibility  of  any  mistake  in  the  finished 
thickness  of  any  slabs  of  that  set.  The  total  vertical  motion  given 
to  the  roll  by  the  hydraulic  ram  is  3^  inches,  while  the  stroke  of  the 
ram  is  6  feet  2^  inches ;  consequently  the  movement  of  the  ram  is 
21  times  that  of  the  roll,  and  the  indication  by  which  the  tightening 
of  the  rolls  is  measured  being  thus  magnified  21  times  gives  great 
accuracy  in  the  adjustment. 

By  this  system  of  gearing  the  two  tightening-down  screws 
together  by  means  of  the  intermediate  spur  wheel,  the  top  roll 
is  made  to  move  always  truly  parallel  to  the  lower  roll,  and  there  is 
no  possibility  of  one  end  of  the  roll  descending  more  than  the  other. 
Thus  the  two  surfaces  of  the  slabs  rolled  are  made  perfectly  parallel 
to  each  other,  with  a  uniform  thickness  throughout  the  entire  width 
of  the  slab. 

In  the  finishing  rolls  the  same  tightening-down  gear  is  employed. 
These  rolls  are  of  cast  iron  chilled  on  the  circumference,  24  inches 
diameter  by  7  feet  length ;  and  they  differ  in  no  important  respect 
from  the  roughing-down  rolls.  As  the  finishing  rolls  require  only 
a  small  vertical  motion,  no  counterbalancing  gear  is  applied  to  the 
top  roll  as  in  the  previous  pair,  the  bottom  chocks  of  the  top  roll 
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being  supported  by  the  ordinary  transverse  spring  beams  passed 
through  the  honsings. 

In  order  to  facilitate  the  introduction  of  large  slabs  into  the 
roughing-down  rolls,  a  set  of  bent  levers  ZZ,  Figs.  8  and  14,  shown 
to  a  larger  scale  in  Fig.  15,  Plate  42,  are  attached  to  a  horizontal 
shaft  B  running  along  the  ground  parallel  to  the  rolls  ;  and  bjmeaiiB 
of  a  hand  lever  H  on  the  shaft  all  these  levers  are  simultaneouslj 
brought  up  under  the  slab,  and  by  a  slight  movement  the  slab  is 
then  lifted  into  the  rolls.  Each  of  the  levers  is  attached  to  the  shaft  B 
by  an  arm  and  pin  joint,  so  that  it  can  yield  to  any  inequality  on 
the  surface  of  the  slab ;  and  it  is  brought  up  again  by  the  overhanging 
counterbalance  ball  A. 

From  the  fact  that  the  train  of  rolls  driven  in  this  manner  is 
only  in  motion  while  the  heat  is  being  passed  through,  it  is  not 
found  necessary  to  use  a  stream  of  water  for  lubricating  the  roll 
bearings  in  the  ordinary  manner ;  but  all  the'joumals  are  truly  fitted 
in  the  bearings,  and  are  lubricated  with  oil  and  tallow. 


The  President  enquired  what  was  the  greatest  length  of  bar 
that  had  been  rolled  in  the  new  rolling  mill. 

Mr.  Bamsbottom  replied  that  the  greatest  length  they  had  rolled 
at  present  was  only  plates  17^  feet  long ;  but  any  length  that  was 
desired,  from  the  least  to  the  greatest,  could  be  rolled  with  equal 
&cility  by  simply  keeping  the  steam  on  long  enough,  the  only  limit 
being  the  amount  of  furnace  accommodation  available  for  heating 
the  bloom,  and  the  extent  of  shop  room  for  roUing  in.  The  chief 
feature  in  the  new  arrangement  was  the  ease  and  rapidity  with 
which  the  rolls  could  be  reversed  at  Ml  speed,  allowing  of  the  work 
being  rolled  down  rapidly,  by  avoiding  the  cooling  from  the  delay  of 
passing  the  iron  back  over  the  top  roll. 
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Mr.  B.  Napier  asked  whether  any  break-downs  or  accidents  had 
occurred  since  the  mill  was  first  started. 

Mr.  Bamsbottom  replied  that  they  had  had  no  accidents  of 
any  sort  during  the  seven  months  that  the  Tm'11  had  now  been  at 
work. 

Mr.  W.  Fairbaibn  enqnired  whether  the  rolling  mill  was  employed 
for  rolling  down  ingots  of  steel ;  and  whether  the  same  plan  would 
not  be  applicable  for  rolling  armour  plates. 

Mr.  Bamsbottom  said  he  had  not  used  the  mill  for  rolling  down 
steel  ingots,  but  it  was  employed  chiefly  in  rolling  the  frame  plates 
for  locomotives.  For  armour  plates  he  thought  the  reversing  mill 
would  be  very  suitable,  and  the  only  question  was  one  of  gearing  and 
power  for  rolling  any  size  of  armour  plate  that  might  be  required. 
He  had  had  no  difficulty  at  present  in  rolling  anything  that  had 
been  put  into  the  mill.  On  one  occasion  he  bad  rolled  a  circular 
steel  saw-plate,  7  feet  diameter,  which  was  of  course  rolled  in  a 
single  piece.  It  had  been  objected  to  the  plan  of  keeping  the  rolls 
parallel,  by  gearing  the  tightening-down  screws  together,  that  the 
plates  sometimes  wanted  humouring,  by  tightening  the  top  roll  down 
more  at  one  side  than  the  other,  which  could  not  be  done  when  the 
screws  were  geared  together  ;  but  in  practice  the  utmost  ezt«nt  of 
the  humouring  required  was  so  slight  that  he  had  found  it  was  only 
necessary  to  pass  the  plate  through  nearer  to  one  side  or  the  other, 
as  the  rolls  themselves  were  not  turned  truly  cylindrical,  but  slightly 
larger  in  diameter  in  the  centre  to  compensate  for  the  springing 
under  the  strain  in  rolling. 

Mr.  B.  Napier  remarked  that  the  levers  employed  for  entering  a 
slab  into  the  rolls  looked  very  light,  and  he  enquired  whether  they 
were  found  strong  enough  for  the  purpose. 

Mr.  Bamsbottom  replied  that  the  levers  were  made  of  pieces  of 
ordinary  spring  steel  ^  inch  thick  and  3i  inches  broad,  and  there 
were  four  of  them  on  each  side  of  the  rolls,  and  though  light  in 
appearance  they  completely  answered  the  purpose  of  lifting  the 
slabs  into  the  rolls  ;  and  with  this  arrangement  one  man  at  the  hand 
lever  could  do  more  than  four  or  five  men  by  the  old  plan  of  running 
a  truck  at  the  slab  to  force  it  into  the  rolls. 
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Mr.  B.  FoTHERGiLL  remarked  that  in  ordinaxy  ironworks  where 
there  were  a  nnmber  of  fomaces  in  connection  with  the  same  set  of 
rolls,  the  heats  to  be  rolled  wonld  be  of  different  thicknesses,  so  that 
it  would  be  necessary  to  lower  the  rolls  immediately  from  a  bar  or 
slab  of  say  3  inches  thickness  to  a  plate  only  1  inch  or  |  inch  thick ; 
and  he  enquired  how  quickly  the  tightening-down  gear  could  be 
altered  in  the  new  rolling  mill,  for  changing  the  gauge  of  the  rolls 
to  suit  such  requirements,  and  whether  this  was  done  as  qnickly  as 
in  the  usual  mode  by  hand. 

Mr.  Bamsbottosi  replied  that  the  top  roll  in  the  new  rolling  mill 
had  a  motion  of  3|  inches,  and  &om  the  full  width  of  openiiig  ife 
could  be  brought  down  in  a  few  moments  through  the  whole  range 
of  3^  inches  by  means  of  the  hydraulic  tightening-down  gear,  nor 
had  any  inconvenience  or  delay  been  experienced  from  this  caose. 
The  alteration  was  effected  quite  as  quickly  as  with  the  ordinary 
tightening-down  screws  worked  by  hand  and  independent  of  each 
other ;  and  the  adjustment  was  made  with  much  greater  accnracj 
by  the  hydraulic  apparatus,  the  3^  inches  range  of  motion  of  the 
top  roll  being  magnified  21  times  on  the  scale  of  the  hydraulic  ram, 
which  was  constructed  according  to  the  arrangement  of  Sir  Wm. 
Armstrong's  hydraulic  cranes.  The  range  of  the  top  roll  conld 
be  forther  increased  if  desired,  by  altering  the  proportion  of  the 
gearing. 

Mr.  S.  Lloyd  observed  that  the  old  plan  of  reversing  the  rolls 
had  never  come  into  general  use,  because  the  process  of  reversing 
had  been  so  slow,  that,  except  in  heavy  work,  it  had  been  found 
quicker  to  pass  a  plate  or  bar  back  over  the  top  roll  and  re-enter 
it  than  to  reverse  the  rolls.  From  the  description  given  in  the 
paper  of  the  new  rolling  mill  however,  it  appeared  that  the  reversing 
was  now  done  so  quickly  and  so  easily  that  the  rolls  could  be 
reversed  quicker  than  the  plate  or  bar  could  be  passed  over  the 
top  roll,  even  when  working  at  a  considerable  speed.  He  enquired 
whether  with  very  short  pieces  of  metal  the  rolls  were  alwajs 
reversed,  instead  of  passing  the  work  back  over  the  top  roU. 

Mr.  H.  Maudslat  observed  that  the  case  appeared  similar  to 
that  of  the  planing  machine,  in  which  it  was  desirable  to  reverse  the 
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tool  half  roimd  for  cuttiiig  dnring  the  return  stroke,  when  the  length 
of  travel  was  anything  considerable ;  bnt  with  a  very  short  travel 
this  was  of  less  consequence,  and  the  retam  motion  might  be  made 
withont  cutting. 

Mr.  Ramsbottom  replied  that  one  of  the  best  illustrations  of  the 
facility  of  reversing  the  rolls  was  the  mode  adopted  for  rolling 
down  the  crop  ends  of  plates  into  small  sheets  l-16th  inch  thick, 
to  be  used  as  coyers  for  the  moulds  in  casting  the  Bessemer  steel 
ingots.  The  men  were  lefb  to  themselves  as  to  the  mode  of  working, 
and  they  preferred  to  reverse  the  rolls  for  these  small  pieces  of  metal 
instead  of  passing  the  work  over  the  top  roll,  as  they  found  they 
could  get  on  much  quicker  by  reversing. 

Mr.  F.  J.  Brahwell  remarked  that  as  the  engine  drove  the  rolls 
direct  in  the  new  mill,  without  the  use  of  a  heavy  flywheel,  the  engine 
itself  must  be  of  greater  power,  and  he  asked  for  some  information 
respecting  the  comparative  cost ;  he  thought  it  probable  the  saving 
effected  by  avoiding  the  expense  of  the  heavy  flywheel  would 
compensate  for  the  cost  of  the  larger  engine. 

Mr.  BiAMSfiOTTOM  considered  the  engine  working  direct  on  the 
rolls  to  be  certainly  more  economical  in  flrst  cost  than  the  ordinary 
plan  of  using  a  flywheel.  In  the  present  instance  the  engine 
employed  was  larger  than  was  actually  needed,  having  been  put 
down  originally  for  driving  the  tyre  mill,  and  it  had  afterwards  been 
applied  to  the  rolling  mill  for  the  purpose  of  testing  the  plan  of 
reversing,  because  it  was  not  possible  to  reverse  with  a  flywheel. 
In  putting  down  a  new  rolling  mill  for  the  same  class  of  work,  it 
would  not  be  necessary  to  have  so  large  an  engine  as  that  shown  in 
the  drawings.  It  was  of  course  requisite  to  have  a  second  cylinder 
working  at  right  angles,  when  the  flywheel  was  dispensed  with; 
but  even  with  a  flywheel  two  cylinders  were  not  unfrequently 
employed. 

Mr.  B.  Napieb  enquired  whether  the  work  was  done  with  lesa 
expenditure  of  steam  by  dispensing  with  the  flywheel.  ^ 

Mr.  Ramsbottom  had  no  doubt  that  the  expenditure  of  steam  was 
not  greater  than  with  a  flywheel,  and  there  was  certainly  less  wear 
and  tear,  and  a  great  saving  in  time.     The  flywheel  involved  the 
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defect  in  principle  of  going  twice  over  the  groimd,  tlie  speed  being 
first  increased  bj  gearing  from  the  engine  to  the  flywheel,  and  then 
reduced  again  by  gearing  from  the  flywheel  to  the  rolls ;  and  that 
process  necessarily  occasioned  a  waste  of  power  by  friction,  which 
was  saved  by  the  present  plan  of  dispensing  with  the  flywheel. 

Mr.  E.  T.  B£LLHOUSE  thought  the  new  reversing  rolling  mill 
presented  a  very  important  practical  embodiment  of  the  great 
principle  advocated  by  Mr.  Nasmyth,  of  applying  steam  power 
direct  to  the  work  required  to  be  done.  In  former  years  mechanical 
engineers  had  laboured  under  great  disadvantages,  owing  to  the 
want  of  machinery  sufficiently  accurate  and  fine  for  accomplishing 
properly  the  desired  work.  Hence  it  arose  that,  in  forging,  the 
principle  of  the  common  hammer  had  been  made  use  of^  and  the 
hammer  itself  had  been  made  of  very  great  weight  and  driven  by  a 
powerful  engine  with  very  heavy  flywheel,  in  order  to  perform  the 
work  by  the  aid  of  momentum.  Subsequently  these  cumbrous 
engines  and  massive  flywheels  were  superseded  by  Mr.  Nasmyth  hj 
the  direct  application  of  the  steam  to  the  work,  in  the  steam 
hammer  of  his  invention ;  by  which  the  power  could  be  applied 
with  the  utmost  nicety,  exactly  in  proportion  to  the  work  to  be 
done.  The  same  important  principle  had  since  then  been  followed  np 
in  many  other  instances,  and  was  now  carried  out  in  the  new  rolling 
mill  that  had  been  described,  in  which  the  stopping  and  reversing 
of  the  rolls  and  their  adjustment  for  rolling  to  difierent  thicknesses 
were  efiected  with  the  greatest  readiness  and  precision,  by  means 
of  well  designed  mechanism ;  this  could  not  however  have  been 
Buccessfrilly  accompHshed  formerly,  in  the  absence  of  the  facilities 
that  were  possessed  at  the  present  day  in  materials  and  manufiEu^tnre. 
In  thus  dispensing  with  the  cumbrous  machinery  required  for 
obtaining  the  momentum  that  was  necessary  to  go  through  the 
work  by  accumulation  of  force,  and  applying  the  power  direct  to 
the  work  in  the  exact  proportion  of  the  work  itself,  one  practical 
result  obtained  was  an  important  saving  in  the  item  of  foundations, 
which  had  been  a  very  heavy  expense  attendant  upon  the  former 
ponderous  machinery.  He  suggested  that  the  same  principle  of 
driving  independent  sets  of  machinery  by  independent  engines  of 
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comparatively  small  size,  each  working  direct  npon  its  own 
machines,  might  perhaps  be  advantageously  carried  out  in  the  case 
of  cotton  mills  and  similar  manufactures,  instead  of  the  present  plan 
of  driving  the  whole  of  the  machinery  in  the  works  by  a  single 
engine  of  very  large  size ;  the  principle  had  been  already  adopted  in 
print  works  and  warehouses,  as  well  as  in  many  engineering  works. 

Mr.  J.  Febnie  said  he  had  recently  seen  the  reversing  rolling 
mill  in  operation  at  Grewe,  and  could  folly  bear  out  all  that  had 
been  stated  in  regard  to  the  very  efficient  way  in  which  it  worked ; 
but  in  existing  ironworks  it  generally  happened  that  an  engine  had 
been  put  down  for  more  purposes  than  one,  and  then  this  reversing 
arrangement  would  not  be  applicable.  At  the  works  with  which 
he  was  connected  the  tyre  mill  and  plate  mill  were  both  driven  by 
the  same  engine,  so  that  reversing  by  the  plan  adopted  at  Crewe 
was  not  practicable.  He  should  like  to  enquire  whether  in  making 
common  iron  the  plates  would  stand  this  mode  of  rolling,  and 
whether  the  reversing  would  not  injure  the  fibre. 

Mr.  W.  M.  Sparrow  thought  there  must  be  a  severe  concussion 
between  the  teeth  of  the  two  spur  wheels  gearing  the  engine  to  the 
mill,  whenever  the  roUs  were  reversed  while  running  at  any 
considerable  speed ;  and  he  enquired  what  had  been  the  experience 
in  respect  to  the  wear  of  the  wheels. 

Mr.  Bamsbottom  replied  that  he  had  not  experienced  any  draw- 
back from  the  wear  of  the  gearing,  as  the  parts  which  moved 
quickly  were  aU  so  light,  and  there  was  no  large  mass  in  motion 
such  aa  a  heavy  flywheel,  and  only  the  action  of  the  elastic. steam 
to  check  and  reverse  the  motion.  The  power  being  brought  to  bear 
npon  the  work  just  as  wanted,  and  direct  from  the  engine,  there  was 
no  accumulated  force  to  be  checked  in  reversing,  and  no  more  force 
was  called  into  play  than  was  actually  required  for  accomplishing 
the  rolling.  The  reversing  was  thus  effected  with  no  more  trouble 
or  wear  than  in  the  ordinary  reversing  of  a  locomotive  engine. 

With  regard  to  rolling  the  plates  in  both  directions  in  the 
reversing  rolling  mill,  he  had  heard  it  objected  by  steel  makers  that 
steel  would  be  deteriorated  in  quality  by  being  rolled  both  ways  ; 
but  having  himself  tested  the  steel  that  had  been  rolled  both  ways, 
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he  had  fonnd  no  difference  in  qnalitj  between  that  and  the  steel 
rolled  only  one  way. 

Mr.  W  Fa[RBAIRN  considered  it  was  immaterial  in  the  manufacture 
of  iron  or  steel  whether  the  metal  was  rolled  first  in  one  direction 
and  then  in  the  other  or  rolled  continnonsly  in  one  direction  only. 
The  only  effect  of  the  rolling,  as  regarded  the  quality  of  the 
material,  was  that,  supposing  it  to  be  a  crystallised  substance  in  the 
first  instance,  the  crystals  were  elongated  and  formed  into  fibres  by 
rolling.  He  had  had  an  opportunity  of  seeing  the  new  rolling  mill 
at  work  a  few  days  previonsly,  and  had  certainly  never  seen  any 
machinery  better  adapted  for  the  purpose  in  view.  With  a  flywheel 
of  40  or  50  tons  weight,  reversing  would  have  been  impracticable, 
because  it  could  not  have  been  stopped  in  time  without  destroying 
the  machinery ;  but  by  getting  rid  of  all  that  enormous  mass  in 
motion  the  rolls  could  now  be  reversed  with  the  greatest  fiujility. 
The  reversing  mill  was  an  important  move  in  the  right  direction, 
establishing  a  new  method  in  the  manufacture  of  both  iron  and 
steel,  in  consequence  of  which  he  had  no  doubt  that  they  would  be 
manufactured  at  a  much  lower  cost  than  heretofore. 

Mr.  Bamsbottom  observed  that  one  source  of  saving  would  be 
that  the  work  was  got  over  more  rapidly  in  the  reversing  rolling 
mill.  With  regard  to  the  principle  introduced  by  Mr.  Nasmjrth  of 
applying  steam  direct  to  the  work  to  be  performed,  as  in  the  present 
instance,  it  might  be  remarked  that  this  principle  was  gradually 
becoming  more  extensively  adopted,  and  it  was  already  the  practice 
in  many  forges  to  drive  the  different  trains  of  machineiy  by  separate 
engines,  so  that  the  operations  of  one  mill  might  not  be  interfered 
with  by  those  of  another. 

Mr.  W.  Perry  remarked  that,  in  regard  to  the  plan  described  in 
the  paper  of  gearing  together  the  two  tightening-down  screws  of  the 
top  roll,  a  difficulty  was  often  experienced  in  getting  the  plates  rolled 
square  on  the  edges  and  of  regular  thickness  throughout  the  whole 
width  when  the  two  screws  were  connected  together,  on  account  of 
the  iron  happening  to  be  more  heated  along  one  side  than  the  other. 
Moreover  if  a  slab  had  been  wasted  at  a  comer  in  the  furnace, 
and  the  top  roll  was  always  kept  parallel  to  the  bottom  roll,  as  in 
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the  new  rolling  mill,  there  would  be  considerable  waste  in  shearing 
the  plate  square;  bat  if  the  tightening-down  screws  were  under 
independent  control,  they  could  be  so  managed  as  to  bring  up  the 
wasted  portion  in  rolling,  so  that  the  plate  would  not  be  wasted  in 
shearing  afterwards.  On  these  accounts  he  thought  it  was  preferable 
to  have  the  tightening-down  screws  independent  of  each  other, 
instead  of  gearing  them  together. 

Mr.  Ramsbottom  said  no  difficulty  such  as  was  referred  to  had 
been  experienced  with  the  tightening-down  screws  geared  together. 
In  rolling  plates  it  was  customary  to  pass  the  bloom  through 
sideways  in  the  first  instance,  which  made  it  uniform  in  thickness 
throughout  its  entire  breadth,  so  that  any  waste  in  the  furnace 
would  be  corrected  by  this  process  ;  and  it  was  then  turned  round 
and  finished  for  length.  The  rolls  not  being  made  quite  parallel, 
bat  rather  larger  in  diameter  at  the  middle,  any  minor  errors  were 
met  by  going  a  little  nearer  to  one  end  or  the  other  of  the  rolls  ; 
and  if  more  serioas  errors  were  ever  occasioned  by  irregular  heating 
in  the  ftumaee,  he  thought  there  should  be  a  change  in  the 
management  of  the  furnace,  rather  than  working  the  tighteniDg- 
down  screws  separately. 

Mr.  W.  Yule  said  he  had  had  many  years'  experience  in  working 
rolls  in  which  the  tightening-down  screws  were  geared  together, 
and  he  had  never  met  with  any  difficulty  arising  from  that  plan. 

Mr.  H.  Maudslay  observed  that  in  rolling  angle  iron  or  bar  iron 
in  an  ordinary  rolling  mill,  where  the  rolls  ran  constantly  in  the 
same  direction,  it  was  the  practice  to  turn  the  iron  over  in  passing 
it  back  over  the  top  roll,  so  that  the  scale  might  be  well  knocked 
off  before  entering  it  again  between  the  rolls.  But  in  passing  a 
heat  backwards  and  forwards  alternately  through  the  reversing 
rolls,  the  scale  would  remain  where  it  was  on  the  iron ;  and  he 
enquired  whether  the  old  plan  would  not  have  an  advantage  in  this 
respect,  by  allowing  of  the  iron  being  turned  over  and  cleared  from 
scale  between  each  passage  through  the  rolls. 

Mr.  Ramsbottom  replied  that  they  had   not  as  yet  rolled  any 

angle  iron  in  the  reversing  roUing  mill ;  but  in  rolling  plates  no 

difference  was  found  between  one  side  of  a  plate  and  the  other, 

u 
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as  regarded  scale.  The  large  plates  were  not  turned  over  during 
rolling,  but  the  scale  fell  away  freely  from  the  lower  side,  and  was 
always  bmshed  off  from  the  upper  side  with  a  broom  between  each 
passage  through  the  rolls. 

The  President  thought  the  improvements  described  in  the  paper 
that  had  been  read  were  well  worthy  of  being  generally  adopted  in 
rolling  mills ;  and  he  moved  a  vote  of  thanks  to  Mr.  Bamsbottom 
for  his  paper,  which  was  passed. 


The  Meeting  was  then  adjourned  to  the  following  day.  In  the 
afbemoon  the  Members  were  conveyed  by  special  free  train,  by  the 
kindness  of  the  London  and  North  Western  Railway  Company, 
to  Crewe,  to  visit  the  Steel  Works  of  the  London  and  Nortb 
Western  Bailway,  where  they  were  shown  by  Mr.  Bamsbottom  the 
manufacture  of  steel  by  the  Bessemer  process,  and  the  manu£BuHnu*e 
of  steel  tyres ;  and  also  the  operation  of  rolling  plates  in  the 
reversing  rolling  mill  described  at  the  meeting. 


129 


The  Adjourned  Meeting  of  the  Members  was  held  in  the  Lecture 
Theatre,  Mechanics'  Institution,  David  Street,  Manchester,  on 
Wednesdaj,  1st  August,  1866 ;  Joseph  Whitwobth,  Esq.,  President, 
in  the  Chair. 


The  following  paper,  by  Mr.  Edward  B.  Marten,  of  Stourbridge, 
Engineer  of  the  Midland  Steam  Boiler  Association,  was  read : — 
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ON  STEAM  BOILER  EXPLOSIONS  AND  THEIR  RECORDS, 
AND  ON  INSPECTION  AS  A  MEANS  OP  PREVENTION. 


Bt  Mb.  EDWARD  B.  MARTEN,  of  STOxnuiKiDoi. 


The  subject  of  Steam  Boiler  Explosions,  which  was  brought  before 
this  Institution  in  June  1848  in  a  paper  by  the  late  Mr.  William 
Smith  of  Dudley  in  reference  to  an  explosion  near  that  place,  and 
again  in  1859  in  a  paper  by  Mr.  Longridge  on  the  economy  and 
durability  of  stationary  boilers,  is  one  of  great  importance  and  ifl 
now  attracting  increased  attention.     The  first  public  notice  of  the 
subject  was  by  a  parliamentary  committee  in   1817,   which  was 
appointed  in  consequence  of  a  very  fatal  boiler  explosion  in  London 
in  1815 ;  evidence  was  then  collected  as  to  steamboats,  and  many 
boiler  explosions  were  referred  to.     That  committee  recommended 
among  other  things  that  boilers  should  be  made  of  wrought  iron, 
instead  of  cast  iron  or  copper,  which  had  been  the  materials  mainly 
used  previously;   that  they  should  be  inspected  and  tested;  and 
that  there  should  be  two  safety  valves,  each  loaded  to  one  third  of 
the  test  pressure,  under  penalties  for  any  excess.     A  great  part  of 
the  information  now  existing  upon  the  subject,  especially  in  regard  to 
the  earlier  explosions,  is  to  be  found  in  the  records  of  inquests  after 
fatal  cases ;  and  some  of  the  careful  reports  of  eminent  engineers 
on  those  occasions  have  materially  assisted  in  the  formation  of 
correct  views  as  to  the  causes  of  explosion.      Latterly  also  the 
printed  reports  of  the  inspectors  of  mines,  and  more  especially  the 
reports  of  the  explosions  of  locomotives  illustrated  by  diagrams  by 
the  inspectors  of  railways,  have  furnished  very  valuable  information. 
Since  the  subject  has  been  taken  up  by  private  associations  for  the 
prevention  of  explosions,  many  more  records  have  been  published, 
although  their  usefulness  is  much  impaired  by  their  not  containing 
the  names  of  the  places  whereby  the  explosions  could  be  identified. 


BOILER  KXPLOSIONS.  181 

When  the  writer's  attention  was  first  directed  to  this  subject, 
he  met  with  great  difficulty  in  obtaining  correct  records  of  boiler 
explosions,  from  which  to  arrive  at  the  results  of  past  experience ; 
and  wishing  to  base  his  own  opinion  on  facts,  rather  than  on  the 
inferences  of  others  however  reliable,  he  followed  the  example  of 
the  Franklin  Institute  in  their  elaborate  investigation  of  the  subject, 
and  collected  all  the  records  he  could  find;  and  bj  way  of 
facilitating  reference,  arranged  an  index,  a  manuscript  copy  of 
which  is  presented  with  the  present  paper  to  the  Library  of  this 
Institution.  All  must  be  agreed  as  to  the  importance  of  reliable 
information  on  such  accidents  as  boiler  explosions;  and  the 
writer  would  suggest  that  this  Institution  may  materially  aid  in 
obtaining  the  desired  records  and  placing  them  within  easy 
access,  by  becoming  the  depository  of  reports  on  explosions,  and  by 
inducing  those  who  have  the  opportunity  to  forward  copies  of 
reports,  that  these  may  be  arranged  so  as  to  be  easily  found  and 
consulted.  It  is  very  desirable  that  these .  reports  should  as 
&r  as  possible  be  illustrated  by  sketches,  as  aids  to  the 
description ;  and  also  by  slight  models  like  those  now  shown  to  the 
meeting,  by  which  the  whole  matter  may  be  seen  at  a  glance.  So 
few  persons  comparatively  have  the  opportunity  of  examining 
boilers  after  explosion,  that  the  most  erroneons  ideas  have  prevailed, 
and  theories  have  been  advanced  which  would  soon  be  dissipated 
by  practical  experience  or  by  reading  accurate  reports.  It  would 
also  very  much  aid  in  the  understanding  of  published  matter  on  the 
Babject,  if  full  descriptions  of  each  case  alluded  to  in  illustration 
could  be  obtained.  These  records  are  as  useful  to  the  engineer  as 
the  "precedents"  or  "cases"  to  the  lawyer  or  the  surgeon. 
After  any  serious  explosion  the  newspapers  of  the  neighbourhood 
in  which  it  has  occurred  contain  voluminous  articles  describing 
the  disastrous  result  and  the  damage  done,  which,  although 
useful  as  far  as  they  go,  do  not  in  the  least  assist  in  arriving  at 
the  cause  of  explosion.  The  really  important  particulars,  such  as 
the  description  and  construction  of  the  boiler,  its  dimensions, 
and  the  pressure  at  which  it  worked,  are  in  most  cases  omitted 
altogether. 
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The  record  of  explosions  presented  to  the  Institiition  contains 
a  list  of  the    boiler    explosions    in    each    year    of  the  present 
centniy,  as  far  as  known  to   the  writer,  with  the  names  of  the 
places,   and   the    description   and   sizes   of  the  boilers,  and  the         i 
supposed  canse  of  explosion,  together  with  references  to  the  boob 
or  papers  from  which  farther  information  may  be  obtained.    Of 
oonrse  many  of  the  explosions  have  to  be  pnt  down  as  imcertain 
in  some  of  the  particulars ;    bnt  every  year  improves  the  record, 
as  fresh  information   is   obtained,    and  with    the    assistance  of 
the  members  of  this  Institution  it  might  be  made  far  more  perfeet 
and  extensive. 

The  total  number  of  explosions  here  recorded  is  1046,  and  they 
caused  the  death  of  4076  persons  and  the  injury  of  2903.  The 
causes  assigned  for  the  several  explosions  are  very  numerous,  and 
are  no  doubt  incorrect  in  many  cases ;  but  they  may  be  genenJlj 
stated  as  follows : — 
397  are  too  uncertain  to  place  under  any  heading ;  but  of  the  rest 
145  were  from  the  boilers  being  worn  out,  or  from  corrosion,  or 

from  deteriorated  plates  or  rivets. 
137  from  over  pressure,   from  safety  valves   being  wedged  or 
overweighted,  in  some  cases  intentionally,  or  from  other 
acts  of  carelessness. 
125  from  faulty  construction  of  boiler  or  fittings,  want  of  stays,  or 

neglect  of  timely  repair. 
119  from  collapse  of  internal  tubes,  generally  from  insufficient 

strength. 
114  from  shortness  of  water,  or  from  scurf  preventing  the  proper 
contact  of  the  water  with  the  plates;  or  from  improper 
setting  so  as  to  expose  the  sides  of  the  boiler  to  the  flame 
above  the  water  line. 
9  from  extraneous  causes,  such  as  effect  of  lightning  striking 
down  the  stacks  upon  the  boilers,  or  from  fire  in  the  biiilding 

or  explosion  of  gas  in  the  flues. 

1046  total  number  of  explosions. 
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The  exploded  boilers  were  of  the  following  descriptions : — 
232  are  not  sufficiently  described  to  place  under  any  head  ;  but  of 

the  rest 
320  were  Marine  boilers  of  various  forms. 
141  were  Cornish,  Lancashire,  or  other  boilers  internally  fired. 
120  were  Looomotiye,  or  other  multitubular  boilers. 
116  were  plain  Cylindrical  boilers,  externally  fired. 
64  were    Balloon  or  haystack,  wagon,  Butterley,  British-tube, 

elephant,  or  Trevithick  boilers. 
29  were  Portable,  agricultural,  upright,  or  crane  boilers. 
14  were  Heating  apparatus  or  kitchen  boilers. 
10  were  Upright  boilers  attached  to  puddling  or  mill  furnaces  at 
ironworks. 
1046  total  number  of  explosions. 

The  theories  as  to  the  causes  of  explosion  have  been  numerous. 
In  the  early  days  of  the  steam  engine,  when  the  steam  was  used 
only  88  a  condensing  mediam  and  the  pressure  in  the  boiler  was 
frequently  allowed  to  get  below  atmospheric  pressure,  many  boilers 
were  destroyed  by  the  excess  of  the  external  atmospheric  pressure 
becoming  too  great,  causing  them  to  be  collapsed  or  crumpled  up  ; 
and  this  led  to  the  use  of  the  atmospheric  valve  still  found  on  old 
boilers.  Even  so  lately  as  last  year  a  boiler  in  the  neighbourhood 
of  Bury,  Lancashire,  has  suffered  in  this  way  by  collapse  from 
external  pressure ;  its  appearance  after  the  accident  is  shown  in 
Fig.  4,  Plate  43,  which  is  copied  from  a  photograph.  The  early 
explosions  were  so  palpably  due  to  the  weakness  of  the  boilers, 
which  compared  with  those  of  the  present  day  were  most  ill 
constmcted,  that  no  one  thought  of  any  other  cause  than  the 
insufficient  strength  of  the  vessel  to  bear  the  expansive  force  of  the 
steam  contained  in  it.  When  the  advantages  of  high-pressure  steam 
became  recognised,  and  the  boilers  were  improved  so  as  to  bear  the 
incrkised  strain,  the  tremendous  havoc  caused  by  an  explosion  led 
many  to  think  that  something  more  must  be  required  than  the 
expansive  force  of  the  steam  to  produce  such  an  effect ;  and  they 
appear  to  have  attributed  to  steam  under  certain  conditions  a 
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detonating  force,  or  a  sudden  access  of  expansiTe  power  that 
OTercame  all  resistance.  To  snpport  this  somewhat  -  natural 
supposition,  it  was  asserted  that  the  steam  became  partially 
decomposed  into  its  constituent  gases,  forming  an  explosive  mixtaie 
within  the  boiler.  That  this  belief  is  still  sometimes  entertained  is 
seen  from  the  verdict  of  a  jury  even  in  the  present  year,  in  the  case 
of  the  explosion  of  a  plain  cylindrical  boiler  at  Leicester,  shown  in 
Fig.  18,  Plate  46,  the  real  cause  of  which  appears  to  have  been 
that  the  shell  of  the  boiler  was  weakened  by  the  manhole.  It 
seems  hardly  necessary  to  point  out  the  fallacy  of  imagining 
decomposition  and  recomposition  of  the  steam  to  take  place  in 
succession  in  the  same  vessel  without  the  introduction  of  any  new 
element  for  causing  a  change  of  chemical  combination ;  but  it  is 
necessary  to  refer  to  this  supposition,  as  the  idea  is  shown  to  be 
not  yet  extinct. 

Again  it  has  been  asserted  that  the  steam  when  remaining  qnite 
still  in  the  boiler  becomes  heated  much  beyond  the  temperatore  due 
to  the  pressure ;  and  that  therefore  when  it  is  stirred  or  mixed  or 
brought  more  in  contact  with  the  water  by  the  opening  of  a  valve 
or  other  cause,  the  water  evaporates  so  rapidly  as  to  produce  an 
excessive  pressure  by  accumulation  of  steam.  In  support  of  this  view 
the  frequency  of  explosions  upon  the  starting  of  the  engine  afler  a 
short  stand  is  adduced ;  but  it  is  very  doubtfiil  whether  by  this  means 
a  sufficient  extra  pressure  could  be  produced  to  cause  an  explosion, 
unless  the  boiler  had  been  previously  working  up  to  within  a  very 
small  margin  of  its  strength.  Explosions  are  seldom  caused  by  a 
sudden  increase  of  pressure,  but  rather  by  the  pressure  gradually 
mounting  to  the  bursting  point,  when  of  course  the  effect  is  sadden 
enough.  Nor  is  it  necessary  in  many  cases  to  look  for  much  increase 
of  pressure  as  the  cause  of  explosion ;  for  it  is  far  more  often  the 
case  that  the  strength  of  the  boiler  has  gradually  degenerated  by 
wear  or  corrosion,  until  unable  to  bear  even  the  ordinary  working 
pressure.  It  is  so  very  easy,  when  examining  the  scene  of  an 
explosion,  for  the  first  cause  of  rupture  to  be  confounded  with  the 
causes  of  the  subsequent  mischief,  that  in  many  cases  erroneous 
conclusions  have  been  arrived  at  in  this  way. 
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The  most  important  points  to  find  ont  in  connection  with  any 
explosion  are  the  condition  of  the  boiler  and  all  belonging  to  it 
immediately  before  the  explosion,  together  with  the  locality  of  the 
first  rent,  the  direction  of  the  line  of  rupture,  and  the  nature  of  the 
fracture ;  as  everything  occurring  after  the  instant  of  the  first  rent  is 
an  effect  and  not  a  cause  of  explosion.  As  soon  as  the  first  rent  has 
taken  place,  the  balance  of  strain  in  the  fabric  is  disturbed,  and 
therefore  the  internal  pressure  has  greatly  increased  power  in 
continuing  the  rupture ;  and  also  the  pressure  being  then  removed 
from  the  surface  of  the  water,  which  is  already  heated  to  the 
temperature  of  the  steam,  the  whole  body  of  the  water  gives  out  its 
heat  in  the  form  of  steam  at  a  considerable  pressure,  and  thus 
supplies  the  volume  of  steam  for  carrying  on  the  work  of 
destruction.  When  thus  quickly  generated,  the  steam  perhaps 
carries  part  of  the  water  with  it  in  the  same  way  that  it  does  in 
ordinary  priming;  and  it  has  been  thought  by  some  that  the 
impact  of  the  water  is  thus  added  to  that  of  the  steam,  to  aid  in 
the  shock  given  to  all  surrounding  obstacles. 

It  is  seldom  that  one  out  of  a  bed  of  boilers  explodes  without 
more  or  less  injury  to  the  others  on  either  side  of  it ;  but  sometimes 
two  boilers  in  one  bed,  or  three,  or  even  five,  have  exploded 
simultaneously. 

The  causes  of  boiler  explosions  may  be  considered  under  the  two 
general  heads  of^ 

Firstly,  faults  in  the  fabric  of  the  boiler  itself  as  originally 
constructed,  such  as  bad  shape,  want  of  stays,  bad  material, 
defective  workmanship,  or  injudicious  setting: — and 

Secondly,  mischief  arising  during  working,  either  from  wear  and 
tear,  or  from  overheating  through  shortness  of  water  or  accumulation 
of  scurf ;  or  from  corrosion,  in  its  several  forms  of  general  thinning, 
pitting,  frirrowing,  or  channelling  of  the  plates ;  or  from  flaws  or 
fractures  in  the  material,  or  injury  by  the  effect  of  repeated  strain ; 
or  from  undue  pressure  through  want  of  adequate  arrangements 
for  escape  of  surplus  steam. 
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There  is  no  doubt  that  many  of  tiie  early  explosions  were  from 
faults  of  constmction.     The  stronger  materials  now  used  were  then 
found  so  di£Eicult  to  manipulate  that  others  easier  to  work  were 
chosen^  and  often  the  shape  of  the  boiler  was  only  selected  as  the  one 
easiest  to  make.    The  early  boilers  were  made  of  copper  or  cast 
iron,  with  leaden  or  even  wooden  tops,  and  of  the  weakest  possible 
shape.  Such  was  the  boiler  used  by  Saveiy,  shown  in  Fig.  40,  Plate  51, 
and  the  Tun  boiler  and  Flange  boiler,  Figs.  41  and  42.     The  tbtj 
£Ebtal  explosion  in  London  in  1815,  referred  to  by  the  parliamentazy 
commission  previously  named,  was  of  a  cast-iron  boiler,  which  failed 
because  one  side  was  too  thin  to  bear  the  pressure,  as  the  casting  was 
of  irregular  thickness.     The  steam  being  at  that  time  used  onlj 
at   or   below   atmospheric  press  are  as  a  means   of  obtaining  a 
vacuum  by  condensation  for  working  by  the  external  pressure  of 
the  atmosphere,  so  little  was  pressure  of  the  steam  thought  of 
that   boilers   were    proposed    and   it    is    belieyed   were    actoaJlj 
constructed  with  hooped  wooden  shells,  like  barrels,  and  intemil 
fireplaces  and  flues  of  copper  ;    and  even  a  stone  chamber  was 
named  as  being  a    suitable    shell    for   a    boiler,    with   interna) 
fireplace  and  copper  flue  passing  three  times  the  length  of  the  inside 
and  out  at  the  top,  like  an  ordinary  stove  and  piping.      These 
boilers  must  hare  been  something  like    the  sketches  given  in 
Figs.  44  and  45,  and  were  intended  to  be  exposed  only  to  tbe 
external  pressure  of  the  atmosphere. 

Cast  iron  was  frequently  used  for  the  shell  of  boilers,  with  an 
internal  fireplace  and  tubes  of  wrought  iron,  as  shown  in  Fig.  46, 
Plate  51 ;  and  boilers  of  this  construction  are  sidll  to  be  found  in  vs6 
at  some  of  the  older  works  at  the  present  day.  As  the  outside  sliell 
and  front  plate  are  li  inch  thick  and  are  not  exposed  to  any  wear 
at  all,  these  boilers  are  sufficiently  strong.  A  duplicate  front  plate 
with  set  of  tubes  attached  is  always  kept  on  hand  in  case  of  need. 
Another  form  of  cast-iron  boiler  is  shown  in  Fig.  48,  made  in  several 
parts  put  together  with  flange  joints,  with  an  internal  fireplace  and 
flue  also  made  of  cast  iron.  When  cast  iron  was  used  for  the  parts 
exposed  to  the  fire  in  boilers  intended  for  high  pressure,  it  was 
sometimes  employed  in  the  form  of  tubes  of  small  diameter  and 
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proportionately  thinner ;  as  in  Woolf 's  boiler,  so  much  spoken  of  in 

the  evidence  before  the  parliamentary  committee  of  1 8 1 7.  This  boiler, 

shown  in  Fig.  47,  consisted  of  nine  cast-iron  pipes,  about  1  foot 

diameter  and  9  feet  long,  set  in  brickwork  so  that  the  flame  played 

all  round  them.     These  small  tabes  were  connected  with  another 

of  larger    size  placed  transversely  above  them,  forming  a  steam 

receiver,  and  this  again  with  a  still  larger  one,  which  formed  a 

steam   chamber.     No  details  of  any  explosions  of  the  three  last 

mentioned  boilers  have  been  obtained ;  bnt  it  is  known  that  the 

cast  iron  was  fonnd  a  most  treacherons  material,  especially  when 

exposed  to  the  action  of  the  fire ;  and  that  the  effect  of  explosion 

was  very  disastrons,  becanse  the  boiler  burst  at  once  into  many 

pieces,  each  of  which  was  driven  out  with  great  velocity,  and  the 

danger  w^as  not  mitigated  by  the  circumstance  of  large  masses 

holding  together,  as  is  found  to  be  the  case  with  wrought-iron 

boilers  when  exploded. 

When  wrought-iron  boilers  came  into  use  the  shapes  were  most 

varied,  and  the  dimensions  much  larger  than  before.     One  of  the 

earUest  was  the  Wagon  boiler,  shown  in  Fig.  48,  Plate  52,  with  round 

top  and  plain  flat  sides,  which  could  only  be  made  to  bear  even  the 

smallest  pressure  by  being  strengthened  with  numerous  stays.     In 

most  cases  of  explosion  of  this   class   of  boiler  the  bottom  was 

torn  off,  owing  to  the  angle  iron  round  it  being  weakened  by  the 

alternate  bending  backwards  and  forwards  under  each  variation  of 

pressure,  as   all  the   sides   and  the   bottom  must  be    constantly 

springing  when  at  work.     Such  was  the  explosion  at  Chester  in 

1822,  and  many  others.    This  shape  was  soon  improved  in  its  steam 

generating  powers  by  making  the  sides  concave  instead  of  flat,  as 

shown  in  Fig.  49,  so  that  the  heating  sur&ce  was  greater  and  also 

in  a  better  position  to  receive  the  heat  from  the  flame  in  the  flues. 

This  shape  was  further  elaborated  by  rounding  the  ends,  as  in  Fig.  50, 

and  in  some  cases  making  the  bottom  convex  to  correspond  with  the 

top,  as  in  Fig.  51.    All  these  forms  however  still  required  numerous 

stays  to  retain  them  in   shape,  the   safety   of  the  boiler  being 

dependent  upon  the  stays ;    and  numerous   explosions   show  the 

w 
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weakness  of  these  boilers.  Tliej  generally  gave  way  at  the  bottom, 
as  in  an  explosion  that  occurred  at  Manchester  in  1842,  wbere  tbe 
boiler  had  been  weakened  by  frequent  patching;  they  also 
sometimes  exploded  through  the  fiiilure  of  the  stays. 

A  very  early  improvement  in  the  right  direction  confiisted  in 
making  the  shell  circular ;  and  some  few  large  boilers  still  exist  tb&t 
were  made  completely  spherical,  as  shown  in  Fig.  52,  so  that  the  whole 
of  the  iron  was  exposed  to  tension  only,  and  required  no  assistance 
from  stays,  and  the  boiler  had  no  tendency  to  alter  its  shape  nnder 
varying  pressure.     This  shape  however  had  the  great  disadvantage 
of  possessing  the  least  amount  of  heating  surface  for  its  size  or  cubic 
contents  ;  and  also  it  was  very  liable  to  injury  ^m  sediment  on  the 
bottom,  which  accumulated  on  the  most  central  spot.     The  spherical 
form  was  therefore  soon  modified  into  the  shape  shown  in  Fig.  53, 
by  making  the  bottom  more  shallow,  although  stOI  convex;  and 
afterwards  by  putting  flat  or  concave  sides  and  a  flat  or  concave 
bottom,  with  the  angle  constructed  either  of  bent  plates  or  angle 
iron,  as  in  Figs.  54  and  55,  which  represent  the  forms  known  so  weU 
in  the  Stafibrdshire  district  as  the  common  Balloon  or  Haystack 
boiler.     Many  of  these  have  been  made  of  very  great  size,  measnring 
as  much  as  20  feet  diameter,  and  containing  so  much  water  and  steam 
as  to  be  most  formidable  magazines  for  explosion.     Perhaps  no  form 
of  boiler  has  exploded  more  than  this,  partly  because  of  the  great 
number  that  have  been  used,  but  chiefly  because  of  the  inherent 
weakness  of  the  shape.    The  records  however  have  not  been  obtained 
of  the  great  majority  of  these  explosions,  because  they  seldom 
caused  sufficient  damage  or  loss  of  life  to  attract  much  attention, 
as  these  boilers  generally  worked  in  isolated  positions  at  collieries. 
The  bottom  is  only  prevented  from  blowing  down  into  the  fireplace 
by  numerous  stays   from  the  top,  and  the  angle  iron  round  the 
bottom  of  the  sides  is  much  tried  by  the  constant  springing  of 
the  plates  under  every  alternation  of  pressure ;  and  the  weakness 
thus  occasioned  is  increased  by  the  angle  resting  on  the  brickwork 
and  being  exposed   to  corrosion.      The  efiect  of  this  continued 
aJtemation  of  strain  is  well  shown  by  the  elastic  model  exhibited. 
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Notwitlistaiiding  the  dependence  of  these  boilers  npon  stays  for 
their  strength,  many  have  been  made  as  large  as  12  and  15  feet 
diameter  without  stays ;  and  explosion  sooner  or  later  has  been  the 
consequence.  Such  was  an  explosion  that  took  place  at  Smethwick 
in  1862,  which  is  shown  in  Fig.  5,  Plate  43.  As  the  force  of  the 
explosion  was  only  slight,  the  effect  of  the  bottom  giving  way,  and 
the  consequent  rolling  over  caused  by  the  reaction  of  the  issuing 
steam  and  water,  is  clearly  seen.  Another  example  that  occurred 
at  Wednesbury  in  1862  is  shown  in  Fig.  1,  where  the  explosion  was 
rather  more  violent,  the  bottom  of  the  boiler  being  torn  off  all  round 
and  left  upon  the  firegrate,  and  rent  nearly  into  two  pieces ;  while 
the  top  and  sides  were  thrown  some  height  in  one  mass,  and  were 
only  put  out  of  shape  by  the  fall.  The  weakness  of  this  boiler  had 
been  ^rther  increased  by  making  the  bottom  angle  of  angle  iron,  aa 
shown  enlarged  in  Fig.  2,  with  a  ring  of  flat  plate  A  interposed 
between  the  angle-iron  ring  and  the  concave  bottom  of  the  boiler  ; 
so  that  all  the  effect  of  the  springing  of  the  bottom,  as  shown  by  the 
dotted  lines,  was  thrown  upon  the  angle  iron,  which  was  accordingly 
found  cut  off  all  round.  Had  the  concave  bottom  been  made  to  rise 
direct  from  the  angle  iron,  as  in  Fig.  3,  the  springing  could  not 
have  been  so  great,  and  the  angle  iron  would  only  have  had  to  stand 
the  shearing  strain  of  retaining  in  its  place  the  rigid  bottom ;  but  as 
about  one  foot  all  round  the  bottom  was  flat,  and  the  concavity  was 
only  in  the  central  part,  the  angle-iron  ring  had  to  bear  an  up  and 
down  strain,  as  shown  by  the  dotted  lines  in  Fig.  2,  and  the 
bending  action  was  more  severe  than  it  would  have  been  if  the 
bottom  had  even  been  made  quite  flat  all  over. 

A  farther  form  of  the  Balloon  boiler  is  shown  in  Fig.  66,  Plate  53, 
where  the  heating  surface  of  the  bottom  is  increased  by  an  internal 
central  dome-shaped  fireplace,  with  an  arched  and  curved  flue 
conducting  the  flame  through  one  revolution  within  the  boiler  before 
passing  again  round  the  outside.  This  construction  however  must 
necessarily  have  diminished  the  strength  of  the  boiler  greatly.  In 
the  drawing  the  top  of  the  boiler,  as  indicated  by  the  dotted  lines, 
is  removed  to  show  the  interior. 
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Tbe  desire  to  add  to  the  strengtli  of  boilers  by  lessening  the 
diameter  of  the  shell  led  to  the  constmctioii  of  the  Plain  Cylindrical 
boilers.  They  were  made  first  with  flat  ends  of  cast  iron,  whicli 
frequently  cracked  and  gave  way  when  exposed  to  the  fire,  as 
described  in  many  of  the  early  American  explosions.  The  flat  ends 
when  made  of  wrought  iron,  as  shown  in  Fig.  57,  Plate  53,  are 
exposed  to  the  same  strain  as  the  bottom  of  the  balloon  and  wagon 
boilers,  and  are  constantly  springing  with  variation  of  pressure  like 
drum  heads,  causing  injury  to  the  angle-iron  joint.  They  also 
require  long  stays  through  them  to  hold  in  the  ends,  and  these  are 
subject  to  so  much  vibration  that  they  seldom  continue  sound 
for  long  together,  especially  when  joined  with  forked  ends  and 
cotters. 

As  the  flat  ends  of  such  boilers  are  always  being  sprung  by  each 
alternation  of  pressure  into  a  more  or  less  spherical  shape,  as  shown 
by  the  elastic  model  exhibited,  this  consideration  no  doubt  led  to 
the  ends  being  made  hemispherical,  as  shown  in  Fig.  58 ;  and  plain 
cylindrical  boilers  with  these  hemispherical  ends  are  now  so 
commonly  used  that  they  far  outnumber  any  other  form  of  boiler. 
Their  shape  renders  them  very  strong,  as  the  whole  of  the  iron  is  in 
simple  tension,  and  internal  pressure  has  no  tendency  to  alter  the 
shape,  as  is  shown  by  the  elastic  model  exhibited.  There  is  one 
circumstance  very  much  in  favour  of  the  plain  cylindrical  boOers,  and 
that  is  that  they  can  be  so  easily  cleaned  and  repaired,  as  a  man  can 
stand  properly  at  his  work  at  every  part  and  the  whole  of  the  interior 
surflsice  is  exposed  equally  to  view.  They  are  of  course  exposed  to 
all  the  evils  of  boilers  externally  fired,  the  part  under  greatest 
strain  being  weakened  by  the  action  of  the  fire ;  and  the  bottom 
is  also  exposed  to  injury  from  accumulation  of  mud  and  chips  of 
scurf,  which  cannot  be  prevented  from  falling  there,  and  lying  upon 
the  part  exposed  to  the  direct  action  of  the  fire.  When  made  of 
great  length,  such  as  70  or  80  feet,  as  is  the  practice  for  applying 
the  waste  gas  from  blast  furnaces,  these  boilers  are  also  liable  to 
seam-rips  or  "  broken  backs,"  owing  to  the  greater  expansion  of  the 
bottom  exposed  to  the  fierce  flame  for  its  whole  lengrth,  than  of  the 
top  which  is  kept  cooler  by  exposure  to  the  air;  and  it  would 
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therefore  be  better  to  have  a  snccession  of  short  boilers,  rather  than 
onlj  a  sisgle  one,  where  great  length  is  required. 

One  boiler  has  been  seen  by  the  writer  where  extreme  length 
was  avoided  by  curling  the  boiler  round  until  the  ends  met, 
fonning  a  Ring  or  Annular  boiler.  This  boiler  is  shown  in  Fig.  59, 
Plate  53,  and  is  5  feet  diameter  with  25  feet  external  diameter 
of  the  ring,  or  a  mean  length  of  about  63  feet ;  it  has  been  found  to 
work  well  for  some  years,  although  exposed  to  the  heat  of  six 
puddling  furnaces. 

Explosions  of  plain  cylindrical  boilers  have  been  very  frequent 
indeed,  although  they  have  not  caused  a  proportionate  number  of 
deaths,  because  they  work  usually  in  isolated  positions  at  collipry  and 
mine  engines.  The  sketch  shown  in  Pig.  6,  Plate  44,  represents 
an  explosion  that  occurred  at  Darlaston  in  1863,  and  illustrates  the 
way  in  which  these  boilers  usually  explode.  They  generally  open  first 
at  a  longitudinal  seam  over  the  fire,  which  has  become  deteriorated 
by  accumulations  of  scurf  preventing  proper  contact  of  the  water, 
BO  that  the  plates  become  overheated,  their  quality  injured,  their 
edges  cracked  or  burnt,  and  the  rivets  drawn  or  loosened.  The  rent 
generally  continues  in  the  longitudinal  direction  to  the  sound  seam 
beyond  the  bridge  at  the  one  end,  and  at  the  other  end  to  the  seam 
joining  the  front  end  to  the  shell ;  and  then  runs  up  each  of  the 
transverse  seams,  allowing  the  rent  part  of  the  shell  to  open  out  flat 
on  both  sides,  and  liberating  both  ends  of  the  boiler,  which  fly  off  in 
op{>08ite  directions.  Of  course  it  is  seldom  that  an  explosion  is  quite 
so  simple  as  this,  as  the  direction  of  the  flight  of  the  various  pieces  is 
so  much  influenced  by  the  last  part  that  held  in  contact  with  the 
main  body  of  the  boiler.  The  want  of  due  observation  of  this  point 
has  often  led  to  erroneous  conclusions. 

In  the  explosion  shown  in  Fig.  7,  Plate  44,  and  in  the  model 
exhibited,  which  occurred  at  Westbromwich  in  1864,  the  lower 
part  of  the  side  of  an  upright  boiler  was  blown  out;  and  the 
liberated  part  was  also  divided  into  two  pieces,  each  of  which  fell 
some  distance  behind  the  boiler,  in  an  opposite  direction  to  the  side 
from  which  they  came.  The  explanation  of  this  became  obvious  on 
examination,  as  the  cause  of  the  rupture  had  been  the  corrosion  of 
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the  bottom,  and  the  rent  had  run  np  the  seams  nntil  it  met  Uie 
angle  iron  of  the  side  tnbes,  round  which  it  ran  to  the  first  seam 
above.  This  seam  acted  as  a  hinge  on  which  the  raptured  pieces 
tamed,  and  they  swung  round  so  yiolentlj  that  they  were  wrencbed 
off,  but  not  before  they  had  pulled  the  boiler  over  and  receiTcd  the 
diverting  force  which  gave  them  their  direction,  for  they  flew  off 
at  a  tangent  to  the  circle  in  which  they  had  swung  ronnd  on  the 
sound  upper  seam  as  upon  a  hinge. 

In  order  to  avoid  having  a  large  diameter  for  plain  cylindricil 
boilers,  especially  where  exposed  to  the  fire,  boilers  have  been  used 
that  have  supplied  the  required  steam  power  by  a  combination  of 
several  cylinders  of  small  diameter.  One  of  these,  known  as  the 
Elephant  boiler,  has  been  so  much  used  in  France  that  it  is 
sometimes  called  the  French  boiler ;  it  is  shown  in  Fig.  61,  Plate  53, 
and  consists  of  two  cylinders  of  small  diameter  connected  by  upright 
conical  tubes  to  a  large  cylinder  above.  Another  form  called  the 
Retort  boiler,  shown  in  Fig.  60j  has  been  described  at  a  previous 
meeting  of  this  Institution  (see  Proceedings  Inst.  M.  £.  Idoo 
page  191).  The  disadvantages  of  these  two  combinations  of  phun 
cylinders  are  that  they  are  not  easy  to  clean  or  examine  inteniallj, 
and  also  there  is  not  free  exit  for  the  steam,  which  has  to  find  its 
way  along  small  channels,  and  carries  the  water  away  with  it, 
causing  priming,  and  also  retarding  the  generation  of  steam  and 
endangering  the  boiler  plates.  With  a  view  to  strengthen  the  plain 
cylinder  made  of  wrought-iron  plates,  the  seams  are  sometimes 
made  to  run  diagonally,  as  shown  in  Fig.  62,  on  the  principle  that, 
as  the  longitudinal  is  the  weakest  seam  and  the  transverse  the 
strongest,  a  diagonal  between  them  gives  the  greatest  amoont  of 
strength  to  the  boiler  as  a  whole. 

Plain  cylindrical  and  wagon  boilers  have  for  many  years  been 
made  with  internal  tubes  of  various  shapes  and  arrangement,  throngh 
which  the  flame  passes  to  add  to  the  heating  sur&ce.  These  are 
shown  in  dotted  lines  on  the  previous  drawings  of  wagon  boilers, 
Figs.  48  and  49.  They  are  also  shown  in  Fig.  63,  Plate  54,  where 
a  tube  passes  from  over  the  fire  to  the  front  of  a  plain  cylindrical 
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boiler:  in  Fig.  64  two  tubes  pass  from  the  sides  to  the  front:  in 
Fig.  66  the  tube  passes  from  the  back,  but  retnms  over  the  fire  and 
passes  again  to  the  back:  and  in  Fig.  65  a  tnbe  from  the  back 
passes  out  through  a  cross  tube  in  each  side.  The  boilers  in  all 
these  cases  are  fired  externally.  This  addition  of  tubes  has  tended 
very  much  to  increase  the  size  of  these  boilers  in  order  to  make 
room  for  the  tubes.  These  boilers  are  now  found  of  9, 10,  and  even 
11  feet  diameter;  and  this  large  shell  being  fired  externally  is 
exposed  to  the  same  dangers  as  those  described  in  the  plain 
cylindrical  boiler,  while  it  is  not  so  easy  to  keep  clean  on  account 
of  the  obstruction  offered  by  the  internal  flues.  When  the  flame 
has  passed  under  the  whole  length  of  the  bottom  of  these  large 
boilers  before  going  through  any  tube,  it  is  doubtftil  whether  the 
heating  surface  of  the  tube  helps  much  in  the  generation  of  steam  ; 
bat  the  tube  is  of  use  in  reducing  the  quantity  of  water  in  the 
boiler,  as  it  occupies  a  considerable  space. 

Explosions  of  these  boilers  have  sometimes  taken  place  by 
collapse  of  the  tubes,  but  much  more  generally  by  the  &ilure  of  the 
shell  oyer  the  fire,  as  shown  in  the  sketch  Fig.  8,  Plate  44, 
representing  an  explosion  that  occurred  at  Wolverhampton 
in  1865,  in  which  the  first  rent  took  place  in  a  seam  over 
the  fire  where  frequent  repair  had  led  to  a  considerable  length 
of  longitudinal  seam  being  in  one  continuous  line.  The  four 
plates  over  the  fire  parted  and  opened  out  until  they  had  ripped 
two  seams  completely  round  the  boiler;  and  the  plates  were 
thrown  in  one  flat  piece,  as  shown,  upon  a  bank  behind.  The 
main  body  of  the  boiler  with  the  tubes  was  turned  over,  and  the 
front  end  blown  away. 

A  modification  or  amalgamation  of  several  of  the  forms  of  boilers 
already  mentioned  led  to  the  construction  known  as  the  Butterley 
hoiler,  shown  in  Fig.  72,  Plate  55,  with  a  wagon-shaped  end  over 
the  fire,  continued  in  a  single  tube  within  a  plain  cylindrical  shell 
heyond.  This  boiler  has  been  found  to  generate  steam  very  rapidly ; 
but  the  extreme  weakness  of  the  construction  over  the  fire  and  along 
the  tube,  especially  at  the  part  where  the  front  end  of  the  tube  widens 
out  in  a  bell  mouth  to  meet  the  wagon-topped  fireplace,  has  led  to 
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80  many  explosions  that  few  boilers  are  now  made  of  tliis  form.  A 
very  early  explosion  that  occnrred  at  Edinburgh  in  1821  was  of  a 
boiler  somewhat  of  this  shape,  only  that  the  wagon-topped  fireplace 
was  mnch  longer.  Other  explosions  of  this  form  of  boiler  occurred 
at  Ashton-nnder-Lyne  in  1845,  at  Wolverhampton  in  1854,  and  at 
Tipton  in  1856. 

The  desire  to  economise  ^el  led  to  placing  the  fire  inside  the 
boiler,  in  a  tube  running  from  end  to  end,  as  shown  in  Fig.  67, 
Plate  54 ;  and  the  great  number  of  boilers  of  this  form  used  in 
Cornwall  gave  it  the  name  of  the  Cornish  boiler.  The  exceedingly 
good  duty  performed  by  these  boilers  led  many  to  believe  them  the 
most  perfect  for  economy  and  durability ;  but  the  great  number  of 
explosions,  or  more  properly  of  collapsed  flues,  that  have  happoied, 
have  altered  this  opinion,  and  led  to  the  double-flue  boiler  shown  in 
Fig.  68,  in  which  not  only  is  the  heating  sur&ce  increased  but  the 
strength  also,  by  having  two  tubes  of  smaller  diameter  in  the  same 
shell.  There  are  a  great  many  varieties  of  the  two-tube  boiler, 
which  have  been  made  for  the  purpose  of  obtaining  various  parfcienlar 
results.  In  some  cases  the  two  tubes  have  been  made  to  unite  into 
a  single  tube  inmiediately  behind  the  fires,  forming  what  is  known 
as  the  Breeches-tube  boiler,  as  shown  in  Fig.  69;  and  in  other 
instances  the  outside  shell  of  the  boiler  has  been  made  oval,  as 
shown  in  Fig.  70,  with  the  two  tubes  continued  through  from  end 
to  end.  The  heating  surface  has  also  been  increased,  and  the 
strength  of  the  main  tubes,  by  placing  smaller  transverse  tubes 
across  them  at  right  angles ;  but  these  advantages  are  gained  hj 
increased  complication,  leading  of  course  to  greater  difficulty  in 
examination  and  repair. 

The  frequent  failure  of  tubes  by  collapse  when  used  for  high 
pressures,  and  also  the  results  of  careM  experiments,  led  to 
the  simple  addition  of  strengthening  rings  of  different  makes 
around  the  exterior  of  these  tubes,  by  which  the  shell  and  the 
tubes  are  rendered  of  equal  strength.  It  has  taken  considerable 
time  for  the  belief  in  the  weakness  of  large  tubes  when  exposed  to 
external  pressure  to  become  general,   and  a  great  many  boilers 
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are  still  made  and  used  having  even  large  tabes  without  the 
strengthening  rings  ;  and  in  some  districts  snch  boilers  are  nsed  in 
great  nxunbers  and  at  far  higher  pressures  than  can  be  considered 
jndicions.  In  more  than  one  bed  of  boilers  one  boiler  a^ter 
another  has  exploded  by  the  collapse  of  the  tube  from  the  want 
of  strengthening  rings,  and  jet  these  have  still  been  believed 
nnnecessary ;  and  the  cases  of  isolated  boilers  of  this  construction 
where  the  large  tubes  have  collapsed  are  extremely  numerous,  yet 
any  other  reason  than  the  weakness  of  the  tube  has  been  considered 
more  probable  as  the  cause  of  explosion.  A  sketch  of  a  boiler 
with  collapsed  flue  is  given  in  Fig.  11,  Plate  45,  which  exploded  at 
Borton-on-Trent  in  1865 ;  and  it  is  selected  from  many  others 
because  it  was  a  new  boiler,  well  made  and  mounted,  and  was  a  good 
example  of  the  weakness  of  a  large  tube  to  resist  high  external 
pressure  when  made  of  great  length  without  the  support  of 
strengthening  rings. 

There  are  a  great  many  advantages  in  the  tubular  boiler  internally 
fired.  The  shell  which  is  exposed  to  the  greatest  tension  is  not  also 
exposed  to  the  first  action  of  the  fire.  The  fire  is  in  the  midst  of 
the  water,  so  that  the  greatest  efiect  is  obtained  from  it ;  and  the 
heating  surface  immediately  over  the  fire,  from  which  most  steam 
is  generated,  has  not  so  great  a  depth  of  water  above  it  for  the 
steam  to  pass  through  as  in  the  externally  fired  boilers  heated  from 
the  bottom.  The  tubes  also  act  as  stays  to  the  ends ;  and  the  mud 
in  the  water  falls  off  the  tubes,  where  it  would  do  mischief,  and 
settles  on  the  bottom,  where  it  is  comparatively  harmless. 

These  tubular  boilers  are  however  subject  to  disadvantages 
peculiarly  their  own.  It  is  not  so  easy  to  move  about  within  them 
for  cleaning  and  examination  as  in  the  plain  cylindrical  boiler,  as 
the  tubes  fill  up  the  space  so  much.  The  difference  of  expansion 
between  the  highly  heated  tube  and  the  comparatively  cool  shell 
produces  a  strain,  which  causes  the  ends  to  bulge  out ;  or  if  the  ends 
are  made  rigid,  the  strain  sets  up  a  contortion  in  the  tube,  which 
causes  furrowing  of  the  plates  by  making  the  iron  softer  or  more 
susceptible  of  corrosion  in  certain  lines  of  strain.  Notwithstanding 
these  drawbacks  however  this  form  of  boiler  is  an  excellent  one.  • 
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Many  modifications  in  tlie  forms  of  boilers  have  been  made  to 
enable  tbe  mana£actnrers  to  nse  tbe  waste  heat  from  varioos 
processes,  especially  from  tbe  making  of  iron.  The  plain  cjlindrical 
boiler  has  been  nsed  in  this  way,  with  sometimes  as  many  as  eight 
puddling  frimaces  made  to  work  upon  one  boiler.  One  of  the 
earliest  special  arrangements  for  this  purpose  was  the  Upright 
boiler  with  central  tube,  shown  in  Fig.  73,  Plate  55,  which  was 
originally  made  for  two  frimaces ;  and  about  7  feet  diameter  and 
16  feet  high.  The  size  has  since  been  increased  to  10  feet  diameter 
and  28  feet  high,  as  shown  in  Fig.  74.  These  boilers  are  made  for 
one,  two,  three,  or  four  puddling  frimaces ;  and  consist  of  a  cylinder 
with  spherical  ends,  standing  upright,  with  a  central  tube  fr^m  the 
bottom  to  about  half  the  height,  into  which  the  side  tubes  join. 
The  heat  from  each  frirnace  plays  over  a  portion  of  the  shell,  and 
then  passes  through  the  side  tubes  and  down  the  centre  tahe 
into  the  underground  flue  to  the  chimney. 

These  boilers  have  many  good  points :  there  is  great  heating 
surface ;  and  the  shell  being  heated  all  round  does  not  strain  the 
plates  and  seams  by  unequal  expansion  so  much  as  in  the  horizontal 
plain  cylindrical  boiler  heated  only  at  the  bottom ;  and  as  both  enda 
are  spherical  there  is  no  alteration  of  shape  under  internal  pressure. 
Moreover  in  consequence  of  the  upright  position  of  the  boiler 
a  safe  depth  of  water  can  easily  be  maintained,  and  yet  the  steam  is 
taken  off  so  high  above  its  surface  that  there  is  little  priming ;  and 
every  part  can  most  easily  be  cleaned  and  examined,  as  a  man  can 
stand  upright  both  in  the  boiler  and  in  the  flues.  But  the  great 
drawback  to  this  class  of  boilers  is  that  they  must  stand  in  the  midst 
of  the  workmen;  so  that,  although  they  are  not  more  liable  to 
explode  than  any  other  form  of  boiler,  yet  when  they  do  burst  they 
necessarily  endanger  more  lives  than  is  usually  the  case  with  other 
boilers  that  can  be  placed  more  away  from  the  men  employed  at  the 
works.  Should  anything  arise  with  the  boiler  to  make  it  desirable 
to  withdraw  the  fire,  this  cannot  be  done  without  much  delay,  as  tho 
frimaces  have  to  be  stopped  and  the  iron  run  out.  Also  an  explosion 
can  hardly  happen  without  some  of  the  melted  iron  being  scattered 
among  the  men  at  work. 
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Some  of  the  most  fatal  explosions  of  these  boilers  have  arisen  firom 
careless  constmction.  Such  was  the  case  in  an  explosion  at  Dudley 
in  1862,  shown  in  Fig.  9,  Plate  45,  where  the  crown  plate  forming 
the  top  of  the  centre  tube  was  attached  to  the  sides  of  the  tube  bj 
so  slight  an  angle  iron,  as  shown  enlarged  in  Fig.  10,  that  the 
pressore  of  steam  on  the  flat  crown  plate  fairly  sheared  the  angle 
iron  throngh,  and  allowed  the  plate  to  be  blown  down  the  centre 
tube  into  the  chimney  flue,  wherenpon  the  boiler  was  yiolently 
thrown  off  its  seating  by  the  reaction  of  the  issuing  steam  and  water 
thus  liberated. 

The  double-tube  horizontal  boiler  is  also  used  in  connection  with 
iron-making  furnaces  in  many  places,  one  furnace  working  into  each 
tube.  Although  by  this  arrangement  the  boiler  can  be  placed  a 
litUe  further  from  the  workmen,  some  very  fatal  explosions  have 
happened  to  suqJi  boilers,  as  at  Masborough  in  1862. 

Single-furnace  boilers  have  been  much  used  in  the  form  of  a 
single-tube  boiler  standing  on  end,  as  shown  in  Fig.  75,  Plate  55, 
with  the  flame  passing  up  the  tube,  which  is  continued  in  the  form 
of  a  chimney  on  the  top  of  the  boiler.  The  tube  passes  through  the 
steam  at  the  top,  so  that  the  plate  is  not  protected  from  overheating 
by  contact  with  water ;  and  this  has  caused  explosion  in  some 
instances,  although  the  tube  has  been  lined  on  the  inside  with 
firebrick  to  shield  the  plate  from  the  flame.  Another  great 
disadvantage  of  this  Ghinmey  boiler  is  that  the  space  between  the 
tube  and  the  shell  is  so  narrow  that  it  is  almost  impossible  to 
examine  or  clean  it  internally. 

A  further  arrangement  for  a  single-furnace  boiler  is  the  Elbow 
boiler,  shcvyn  in  Fig.  71,  where  the  two  difficulties  mentioned  in  the 
previous  boiler  are  avoided. 

Many  internally  fired  upright  boilers  of  various  shapes  have  been 
constructed  to  suit  various  purposes.  One  of  a  large  size  that  has 
been  at  work  many  years  is  shown  in  Fig.  76,  Plate  55,  with  an 
internal  fireplace  and  a  suspended  cone  and  cross  tube  for  increasing 
the  heating  surface.  This  boiler  is  set  in  brickwork  in  such  a  way 
that  the  heat  passes  through  the  side  tubes  and  round  the  exterior 
shell  before  g^ing  off  to  the  chimney. 
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A  very  &.tal  explosion  at  Stoke-upoii-Trent  in  1863  resolied  firom 
an  attempt  to  work  a  boiler  of  somewliat  tlie  same  general  form,  but 
witbont  tbe  same  carefal  attention  to  tbe  details  of  coDstraction. 
Tbis  boiler  is  sbown  in  Fig.  12,  Plate  45  ;  tbe  internal  fireplace  ifl  of 
conical  sbape,  4  ft.  6  ins.  diameter  on  tbe  top  and  6  ft.  10  ins.  at  ] 

bottom,  and  was  joined  to  tbe  external  sbell  hj  a  flat  anniilar  bottom. 
Almost  tbe  first  time  it  was  worked  at  bigb  pressnre  tbe  conical 
fireplace  collapsed,  breaking  off  at  tbe  seam  at  tbe  top  of  tbe  cone, 
and  blowing  down  npon  tbe  grate,  as  sbown  in  Fig.  13.  Tbe  flat 
bottom  was  tben  left  witbont  tbe  snpport  of  tbe  cone  and  side  tubes, 
and  gave  way  all  ronnd  tbe  ontside  angle  iron ;  and  tbe  top  flew  np 
a  great  beigbt  into  tbe  air,  and  fell  a  cmmpled  beap,  as  sbown  in 
tbe  sketcb.  In  tbis  case  tbe  only  wonder  is  tbat  a  boiler  of  sncb 
weak  construction  worked  at  all  witbont  explosion. 

Tbere  yet  remains  to  be  noticed  a  very  large  and  varied  class  of 
boilers  tbat  bave  been  designed  witb  tbe  express  object  of  avoiding 
explosion.  Some  of  tbese,  made  of  cast-iron  pipes  of  small  diameter, 
bave  already  been  referred  to.  Wben  steam  carriages  were  first 
constructed,  boilers  were  tried  made  of  a  cluster  of  small  pipes,  set 
botb  uprigbt  and  borizontally,  connected  witb  a  general  receir^ 
and  witb  eacb  otber  by  still  smaller  pipes.  Tbese  were  found  to 
bave  sucb  small  circulation  of  water  tbat  tbey  very  soon  burnt  out, 
and  also  led  to  mucb  priming.  Afterwards  narrow  cbambers  made 
of  corrugated  plates  set  like  tbe  cells  of  a  battery  were  tried,  bnt 
witbont  mucb  success.  Tbe  multitubular  boilers  of  tbe  locomotive 
type  soon  superseded  all  otbers  as  quick  steam  generators,  and 
until  lately  tbey  bave  been  considered  as  almost  absolutely  sa&  from 
explosion.  It  is  found  bowever  tbat  tbe  barrel  of  tbese  boilers  is 
peculiarly  liable  to  furrowing,  owing  to  tbe  strain  weakening  the 
iron  in  certain  lines.  Perbaps  no  boiler  sbows  more  clearly  than 
tbe  locomotive  bow  necessary  it  is  tbat  every  part  sbould  be  open 
to  examination;  and  also  bow  unwise  it  would  he  to  use  for 
stationary  purposes  small  cramped  up  boilers,  only  intended  to 
meet  tbe  necessities  of  locomotion.  Many  explosions  of  locomotive 
boilers  bave  taken  place ;  but  it  is  not  necessary  to  give  details  in 
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this  paper,  as  tliej  are  fiillj  given  in  the  published  official  reports 
of  the  government  inspectors. 

Among  the  forms  of  boilers  designed  to  obtain  very  rapid 
generation  of  steam,  combined  with  increased  safety  from  explosion, 
may  be  specially  named  that  consisting  of  a  system  of  small  pipes 
within  a  shell  with  an  artificial  circalation  of  water,  and  also  the 
boiler  consisting  of  a  cluster  of  cast-iron  spheres,  both  of  which 
have  been  described  at  previous  meetings  of  the  Institution  (see 
Proceedings  Inst.  M.  E.  1861  page  30,  and  1864  page  61) ;  but 
neither  has  been  much  used  in  this  country  at  present.  The  boilers 
also  which  consist  chiefly  of  small  tubes  hanging  down  into  the  fire, 
with  smaller  tubes  or  other  arrangements  within  them  for  securing 
a  natural  circulation,  deserve  mention,  as  they  appear  successfully 
to  accomplish  that  end. 

The  principle  of  all  these  small  boilers  appears  to  be  that  only 
a  small  quantity  of  water  should  be  contained  in  them,  so  that  there 
should  not  be  a  reservoir  of  danger  in  the  shape  of  a  mass  of  highly 
heated  water  ready  to  be  converted  into  steam  if  a  rupture  takes 
place :  and  it  cannot  be  denied  that  this  is  an  advantage.  But  on  the 
other  hand  these  boilers  of  small  capacity,  which  evaporate  their 
whole  contents  in  a  few  minutes,  are  subject  to  new  dangers  from 
that  very  cause;  and  although  admirably  adapted  for  purposes 
where  steam  is  wanted  quickly  on  a  sudden  emergency,  as  in  the 
case  of  fire  engines,  or  where  the  generating  power  required  varies 
each  moment,  as  in  the  locomotive,  they  are  for  the  most  part  ill 
adapted  for  ordinary  stationary  purposes,  such  as  the  mill  or  the 
colliery.  They  require  constant  firing  and  vigilant  attention  to  the 
feed,  and  cannot  be  lefl  for  a  time  with  safety  like  the  ordinary 
stationary  boilers.  It  has  to  be  borne  in  mind  also  that  the  very* 
reservoir  of  danger  so  much  dreaded  is  also  a  reservoir  of  power, 
which  assists  in  the  steady  maintenance  of  the  machinery  in  motion. 
The  large  mass  of  water  heated  to  the  evaporating  point,  the  heated 
brickwork  of  the  flues,  and  the  large  fireplace,  are  so  many  assistances 
to  regularity,  and  enable  the  man  in  charge  to  attend  to  his  other 
duties  without  the  risk  of  spoiling  the  boiler  or  letting  down  the 
steam  by  a  few  minutes'  absence  from  the  stoke  hole.     Steam 
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employers  are  found  at  present  to  prefer  the  known  dangers  of  th« 
large  boilers  to  tlie  supposed  safeiy  of  small  boilers,  which  thej 
fear  are  troublesome  in  practice. 

Many  of  the  earlj  boilers  were  rendered  weak  bj  the  injudidoua 
manner  of  arranging  the  seams.  The  longitudinal  seams  were  made 
in  a  continuous  Hne  from  end  to  end,  as  shown  in  Fig.  57,  with  the 
transyei*se  seams  also  continued  completely  round  the  boiler,  so 
that  at  the  comer  of  each  plate  there  were  four  thicknesses  of  iron. 
The  crossing  of  the  seams,  as  in  Fig.  58,  adds  much  to  the  strength, 
and  also  often  preyents  a  rent  from  continuing  forward  to  a 
dangerous  extent. 

It  is  scarcely  requisite  to  mention  the  necessity  of  good  mafcetial 
and  workmanship  to  secure  strength  in  a  boiler,  however  peifect 
the  design.  If  the  plates  are  of  weak  or  brittle  iron,  or  imperfectly 
manufactured,  they  will  never  make  a  good  boiler.  Apart  from  the 
strain  upon  the  boiler  when  at  work,  the  iron  has  to  undergo  the 
strain  of  the  necessary  manipulation,  shaping,  and  punching, 
during  the  construction  of  the  boiler.  If  the  plates  forming  the 
boiler  are  not  well  fitted  to  their  places  before  the  rivet  holes  are 
made,  the  errors  have  to  be  partially  rectified  by  using  the  drift  in 
the  holes  to  an  unwarrantable  extent,  and  then  using  imperfect 
rivets  to  fill  up  the  holes  that  do  not  correspond  with  each  other ; 
and  the  mischief  is  too  frequently  increased  afterwards  by  excessive 
caulking,  in  the  endeavour  to  stop  the  leaking  which  is  sure  to  show 
itself.  In  this  way  a  boiler  is  often  exposed  to  most  unequal  internal 
strain  between  its  several  parts  before  it  is  set  to  work  at  all ;  and 
when  the  heat  is  applied  to  it,  the  mere  expansion  causes  undue 
contortion,  and  leads  to  seam  rips,  and  ultimately  to  disaster. 
Several  specimens  of  faulty  rivetting  and  caulking  are  exhibited  to 
the  meeting,  and  a  sl^etch  of  one  of  them  is  shown  in  Fig.  35, 
Plate  50. 

The  strength  of  a  boiler  is  often  very  much  lessened  by  the 
injudicious  manner  in  which  the  mountings  are  fixed  upon  the 
boiler,  and  many  explosions  are  the  consequence  of  this  defect.  Not 
only  are  a  great  many  holes  for  fittings  cut  out  of  the  boiler  in  one 
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tine,  but  these  holes  are  made  needlessly  large.  Steam  domes  are 
oflen  so  placed  as  greatly  to  weaken  the  shell  of  the  boiler,  the  hole 
cut  ont  of  the  plate  being  made  the  full  diameter  of  the  dome ;  and 
in  some  cases  the  domes  or  steam  chests  have  been  made  square  or 
rectangular,  so  as  to  weaken  the  shell  still  more,  as  shown  in  Fig.  14, 
Plate  46. 

Manholes  are  often  a  source  of  danger,  if  not  properly  arranged 
and  duly  strengthened.  Even  in  very  small  boilers  they  are  often 
placed  with  the  longest  diameter  in  the  longitudinal  direction  of  the 
boiler,  so  that  the  shell  is  greatly  weakened,  as  in  the  sketch. 
Fig.  17,  Plate  46,  of  an  expk>ded  boiler  at  Walsall  in  1865.  This 
boiler  was  5  ft.  3  ins.  long  and  2  ft.  6  ins.  diameter,  and  yet  the 
manhole  was  18  inches  by  13  inches,  and  placed  within  a  few  inches 
of  one  end.  The  end  was  fastened  in  by  angle  iron,  which  was  not 
welded,  and  consequently  there  was  so  little  strength  at  the  small 
portion  of  the  shell  between  the  end  and  the  manhole  that  it  gave  way 
and  liberated  the  end  and  the  manhole  lid,  after  which  the  main 
body  of  the  boiler  was  thrown  by  the  reaction  across  several  streets 
to  a  great  distance. 

A  somewhat  similar  injudicious  arrangement  of  the  manhole  is 
shown  in  Fig.  16,  Plate  46,  where  a  manhole  17  inches  by  14  inches 
was  cut  out  of  the  flat  top  of  a  steam  dome  only  2  ft.  6  ins.  diameter, 
without  any  strengthening  ring  to  compensate  for  it.  The  repeated 
Btrain  of  screwing  up  the  manhole  lid,  combined  with  the  pressure 
of  the  steam,  caused  the  lid  to  force  its  way  out  through  the 
plate  and  blow  away.  This  explosion  occurred  at  Birmingham  in 
1865. 

The  preceding  examples  have  shown  how  explosions  often  result 
from  faults  in  the  construction  of  boilers ;  and  the  following  instances 
illustrate  the  explosions  caused  by  mischief  arising  during  working. 
A.  boiler  perhaps  more  than  any  other  structure  is  subject  to  wear 
and  tear ;  and  let  it  be  worked  ever  so  carefully,  it  will  seriously 
deteriorate.  The  wonder  is,  considering  the  work  they  have  to 
P^om,  that  so  many  boilers  are  found  which  have  worked  twenty, 
thirty,  or  even  fifty  years  without  explosion.     The  terms  wear  and 
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tear  however  are  too  vagne  for  this  snhject,  and  the  mischief  met 
with  mnst  be  considered  under  distinct  heads. 

There  is  no  doubt  that  the  thing  most  to  be  dreaded  for  boilers 
is  corrosion ;  becaase  when  the  plate  is  once  thinned,  it  cannot  be 
strengthened  again,  but  must  remain  permanentlj  weakened. 
Corrosion  the  more  deserves  attention  because  it  is  easily  detected  bj 
moderate  vigilance,  and  can  generally  be  prevented  by  moderate  care, 
or  by  the  boilers  beint^  so  arranged  that  they  can  be  readily  examined 
in  every  part.  Corrosion  has  been  the  direct  and  unmistakable  cause 
of  a  very  large  proportion  of  the  explosions  that  have  happened: 
it  occurs  both  inside  and  outside  the  boiler,  according  to 
circumstances,  and  attacks  the  iron  in  various  ways  and  in 
different  places. 

IniemaZ  corrosion  sometimes  Mkes  place  from  bad  feed  water, 
and  its  effects  are  different  in  extent  in  the  different  parts  of  the 
same  boiler.  It  very  seldom  thins  the  plate  over  a  large  surface 
regularly,  but  attacks  the  iron  in  spots,  pitting  it  in  a  number  of 
holes.  These  are  sometimes  large,  as  if  gradually  increasing  from  a 
centre  of  action ;  and  sometimes  small,  but  so  close  together  as  to 
leave  very  little  more  space  whole  than  that  which  is  attacked.  A 
very  curious  example  of  the  latter  is  exhibited  to  the  meeting,  and 
shown  in  Figs.  27  and  29,  Plate  48,  cut  from  the  lower  part  of  the 
shell  of  a  large  tubular  boiler  externally  fired.  The  corrosion  was 
greatest  along  that  part  of  the  shell  most  exposed  to  beat,  and  was 
so  extensive  that  two  boilers  exploded  simultaneously.  The  boilers 
had  been  at  work  sixteen  years,  but  the  corrosion  commenced 
about  eight  years  before  the  explosion,  when  the  feed  water  was 
rendered  corrosive  by  being  obtained  from  some  iron  mines. 
This  explosion  occurred  at  Aberaman  in  1864.  The  corrosion 
had  been  seen  going  on  for  years,  and  was  not  considered 
sufficient  to  cause  danger;  but  the  depth  to  which  it  extended 
through  the  thickness  of  the  metal  is  seen  in  the  ftdl  size  section, 
Fig.  29.  Another  sample  equally  curious  is  exhibited  to  the 
meeting,  and  shown  in  Figs.  28  and  30,  taken  from  the  sweep  plate 
over  the  fire  in  a  plain  cylindrical  boiler  which  had  worked  about  ten 
years.     The  feed  water  was  occasionally  bad,  and  attacked  the  iron 
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over  tHe  area  DDD,  where  unproteoted  by  scale.  The  protection 
afforded  bj  scale  against  occasional  corrosive  feed  water  is  worthy 
of  notice.  In  the  two  specimens  exhibited  it  is  seen  that  the 
protection  has  been  perfect  where  the  scale  has  not  been  chipped 
off^  and  the  edge  of  the  sonnd  part  projects  oyer  the  hollow,  as 
seen  in  the  fnll  size  sections,  ¥iga.  29  and  30,  the  corrosive  water 
having  eaten  away  a  larger  area  beneath  than  that  through  which 
it  first  entered  the  surface  of  the  iron. 

Internal  corrosion  is  frequently  observed  where  boilers  are  fed 
from  canals  or  streams  in  the  neighbourhood  of  chemical  works 
from  which  corrosive  matter  is  discharged  at  intervals  into  the 
water.  The  corrosion  takes  place  in  isolated  spots,  but  causes  deep 
holes ;'  which  seems  to  be  accounted  for  on  the  supposition  that  the 
scale  previously  upoii  the  plate  cracks  during  the  cooling  Of  the 
boiler  for  cleaning,  and  forms  a  blister,  so  that  a  piece  of  about 
2  inches  area  is  raised  slightly  from  the  iron.  When  the  boiler  is 
again  put  to  work,  this  blister  becomes  filled  with  the  corrosive 
water,  which  is  held  there  without  circulation  and  causes  corrosion. 
When  the  boiler  is  again  emptied  these  blisters  may  be  seen,  and  if 
broken  show  the  blackened  water  and  the  injured  surface.  In 
friture  working  each  of  these  blisters  forms  a  constant  unprotected 
point  for  attack.  It  is  frequently  seen  further  that  such  corrosion 
is  arrested  if  water  be  used  which  deposits  scurf;  but  fresh  blisters 
and  renewed  corrosion  will  result  from  a  return  to  the  use  of  the 
bad  water. 

The  internal  corrosion  called  fiirrowing  has  proved  a  frequent 
cause  of  explosion,  espepially  in  locomotive  boilers.  It  differs  from 
other  corrosion  by  being  in  deep  narrow  continuous  lines  with  abrupt 
edges.  It  wiU  sometimes  go  completely  through  a  plate;  and  is 
found  where  a  sudden  change  of  thickness  occurs,  either  along  the 
lines  of  the  seams,  or  opposite  the  edge  of  angle-iron  attachments. 
This  effect  is  supposed  to  be  due  to  the  alternate  springing  of 
the  plates  under  each  variation  of  the  pressure  or  temperature, 
causing  the  line  of  least  resistance  to  receive  a  strain  somewhat 
similar  to  that  produced  by  bending  a  piece  of  iron  backwards 
and  forwards  for  the  purpose  of  breaking  it.    This  line  of  injury 
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is  exposed  to  constant  attack  from  corrosion,  because  the  ecurf  is 
always  thrown  off  from  it. 

External  corrosion  is  a  &r  more  freqnent  canse  of  explosion  in 
stationary  boilers;  and  it  arises  from  many  canses.  The  most 
freqnent  canse,  althongh  the  most  easily  detected,  is  leakage  from 
the  joints  of  the  fittings  on  the  top  of  the  boiler,  which  are  too 
frequently  attached  by  bolts  instead  of  riyets.  This  evil  is  much 
increased  when  the  boilers  are  corered  with  brickwork,  which  holds 
the  water  against  the  plates,  and  hides  the  mischief  from  observation. 
It  is  astonishing  to  find  how  mnch  damage  is  allowed  in  this 
way  to  g^  on  without  attention,  nntil  the  tops  of  boilers  an 
corroded  so  thin  that  little  holes  burst  through.  These  are 
sometimes  found  stopped  with  wooden  pegs  or  covered  by  screwed 
patches  of  plate,  either  of  which  cause  leakage  that  hastens  the 
mischief,  as  shown  by  the  sample  exhibited.  Boilers  exposed  to  the 
weather  will  of  course  become  corroded  like  anything  else  made  of 
iron  and  not  painted ;  and  yet  so  much  mischief  is  sometimes  caused 
by  leakage  beneath  improper  covering  that  exposure  may  ahnost 
be  said  to  be  the  smaller  evil  of  the  two,  as  it  is  better  to  see  what 
is  g^ing  on  than  to  rest  in  false  security.  No  coYoring  will  he 
found  cheaper  or  better  in  the  long  run  than  a  roo^  which  preveniB 
the  loss  of  heat  by  exposure,  and  yet  allows  free  access  to  all  the 
fittings  and  joints  on  the  top  of  the  boiler. 

Some  examples  of  the  evils  of  covering  can  be  given  that  have 
come  under  the  writer's  observation.  A  set  of  boilers  had  been  well 
covered  by  arches  of  brickwork,  so  built  as  to  keep  out  all  water, 
and  also  set  so  as  to  touch  the  boilers  only  at  intervals,  leaving  a 
space  generally  of  a  few  inches.  After  about  seven  years*  working 
the  whole  of  the  tops  of  the  boilers  were  discovered  to  be  dangerooBly 
thin,  and  had  to  be  renewed.  The  cause  was  leakage  from  the 
joints  of  fittings  and  seams  of  the  boilers,  and  the  issuing  steam  had 
been  drawn  along  the  space  between  the  boilers  and  the  arches,  and 
had  escaped  at  a  place  where  it  had  not  attracted  notice.  In  another 
case  a  somewhat  similar  set  of  boilers  were  covered  with  ashes,  to 
prevent  the  loss  of  heat  by  radiation ;  and  the  rain  and  the  leakage 
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beneath.the  ashes,  in  conjnnctioii  with  the  corrosive  matter  from  the 
ashes  themselves,  thinned  the  tops  of  the  boilers  to  a  dangerous 
extent  in  less  than  two  years.  A  sketch  of  the  corrosion  caused  in 
this  instance  hy  covering  with  ashes  is  shown  in  Figs.  31  and  33, 
Plate  49.  Similar  mischief  has  been  noticed  in  boilers  covered  with 
sand,  as  shown  in  the  sketch  Figs.  32  and  34,  which  represents  an 
instance  of  corrosion  after  eight  years'  working ;  although  nothing 
forms  a  better  covering  than  sand  for  preventing  loss  of  heat  by 
radiation.  In  both  these  examples  it  will  be  seen  that  the  corrosion 
has  continned  until  the  thickness  of  the  plate  has  been  so  eaten 
away  that  a  hole  has  been  burst  out  at  SS.  A  very  good  covering  is 
formed  by  brickwork  in  cement ;  or  various  cements  made  for  the 
purpose,  which  adhere  to  the  surface  of  the  plate  and  yet  show 
leaki^;  or  such  materials  as  sacking  or  felt;  or  sheet-iron 
casing  leaving  about  6  inches  of  air  space  all  round  the  boiler. 
But  all  these  have  the  great  objection  that  they  hide  the  boiler 
fi:t>m  inspection,  except  by  the  expensive  process  of  removing  the 
covering;  and  in  this  way  dangers  that  have  caused  explosion 
have  remained  hidden  from  observation. 

Explosions  have  also  taken  place  from  general  corrosion  of  the 
snr&ce  of  the  boilers  in  the  flues.  A  new  boiler  which  was  set  on 
sidewalls  built  upon  a  foundation  of  porotis  rock  was  found  to  have 
become  corroded  all  along  the  bottom  in  less  than  two  years,  owing 
to  the  dampness  which  rose  from  the  foundations  causing  a  constant 
presence  of  vapour.  The  corrosion  was  peculiar,  and  more  like  that 
found  on  old  iron  left  ft)r  a  long  time  in  a  damp  place ;  for  the  iron 
plate  fell  to  pieces  when  touched,  and  large  flakes  could  be  raised 
from  the  surface,  and  the  g^reater  part  of  the  thickness  of  the  plate 
could  be  removed  with  the  fingers.  Somewhat  similar  corrosion 
had  taken  place  in  a  boiler  which  exploded  at  Loughborough  in 
1863 ;  the  bottom  of  the  shell  became  rent  at  the  corroded  part,  and 
as  the  fracture  continued  spirally  round  the  boiler  several  times, 
nearly  all  the  shell  was  peeled  off  in  the  curious  manner  shown  in 
Fig.  15,  Plate  46.  The  explosion  shown  in  Fig.  19,  which  occurred ' 
at  Leeds  in  the  present  year,  also  arose  from  corrosion  of  the  bottom 
of  the  boiler. 
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The  greater  part  of  the  corrosion  found  in  the  side  flues  of 
boilers  is  caused  by  the  leakage  of  seams.  Many  boilers  are  emptied 
for  cleaning  as  soon  as  work  is  over  on  Saturday  night,  and  kmg 
before  the  brickwork  of  the  fireplaces  and  flues  has  cooled ;  and 
consequently  the  boiler,  having  no  water  in  it,  is  made  much  hotter 
than  it  ever  is  in  working,  and  the  seams  are  injured  and  sprang 
and  the  rirets  loosened  by  the  extra  expansion  so  caused.  This  is 
sometimes  done  intentionally,  in  order  to  loosen  the  scale  by  the 
greater  expansion  of  the  iron  than  of  the  scurf.  When  the  boiler  is 
again  set  to  work,  the  seams  and  rivets  leak  and  cause  that  corrosion 
which  is  called  channelling.  This  has  been  observed  to  oocnr  to 
such  an  extent  that  all  the  seams  in  a  boiler  have  been  seen  ihns 
corroded ;  and  the  same  has  sometimes  been  found  in  all  the  boilerB 
in  a  large  manufactory.  Specimens  of  this  channelling  are  exhibited 
to  the  meeting.  One  in  particular,  shown  in  Figs.  38  and  89,  Plate  50, 
deserves  attention,  as  it  shows  the  effect  of  a  jet  of  steam  and 
water  from  the  leaking  rivet  B,  in  cutting  a  series  of  channeb  into 
the  plate  along  the  course  of  the  dotted  lines  EEE,  and  producing 
a  hole  in  the  plate  at  S.  This  corrosion  had  been  going  on  for 
about  four  years,  but  was  in  a  part  of  the  boiler  seldom  seen  in 
ordinary  examination.  Many  explosions  have  resulted  firom  this 
form  of  corrosion;  for  when  a  rent  is  once  made,  the  fractnre 
continues  along  the  thinned  channel  of  the  plate. 

The  corrosion  most  to  be  dreaded,  because  most  difficult  to 
detect,  is  that  which  takes  place  where  the  boiler  is  in  contact  with 
brickwork ;  and  it  is  found  alike  in  all  forms  of  boilers  set  in  brickwoik. 
When  found  at  the  part  where  the  side  flues  are  gathered  in  at  the 
top  against  the  boiler,  it  is  usually  occasioned  by  the  leaking  of 
fittings  or  feed  pipes,  or  by  rain  being  allowed  ^to  run  between  the 
boiler  and  the  brickwork.  More  than  one  explosion  has  been  caused 
by  the  droppings  firom  a  roof  being  allowed  to  fall  upon  the  tops  of 
the  flues.  When  the  corrosion  is  found  at  the  point  where  the 
bottom  flue  walls  touch  the  boiler,  it  is  frequently  caused  by  the 
leaking  of  seams  that  have  been  strained  by  the  weight  of  the 
boiler ;  and  this  often  arises  from  want  of  care  to  replace  the 
brickwork,  after  repair  of  the  boiler  or  flues,  in  such  a  position  as 
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to  take  again  its  proper  proportion  of  the  weight  of  the  boiler. 
Cases  haye  been  met  with  where  the  shape  of  the  bottom  of 
large  boilers  has  been  qnite  altered  hj  such  means.  The 
brackets  on  the  sides  of  heavy  boilers  have  not  only  been  strained  so 
that  the  rivets  or  bolts  have  leaked  and  caused  corrosion,  but  they 
have  also  bent  or  cracked  the  side  plates  of  the  boiler.  The 
bracket  shown  at  B  in  Fig.  14,  Plate  46,  made  of  only  an  angle  iron 
with  a  piece  of  plate  attached,  is  especially  liable  to  canso  injury  if 
the  brickwork  is  not  rebuilt  close  up  to  the  angle  iron,  as  the 
leverage  is  so  great.  This  is  avoided  by  the  belter  form  of  bracket 
shown  at  0,  consisting  of  an  elbow  of  flat  bar-iron  rivetted  at  top 
and  bottom  to  the  boiler. 

In  the  old  balloon  and  wagon  boilers  the  angle  where  the  bottom 
joined  the  sides  scarcely  ever  remained  sound  for  long  when  in  contact 
with  the  brickwork,  and  many  of  those  that  exploded  have  been 
found  ahnost  corroded  through  where  they  stood  upon  the  brickwork. 
The  explosion  before  alluded  to  and  shown  in  Fig.  7,  Plate  44,  was 
caused  by  corrosion  of  the  bottom  of  the  boiler  where  it  was  set  on  the 
brickwork.  Many  boilers  are  so  set  that  the  brickwork  of  the  flues  is 
made  to  follow  the  shape  of  the  boiler,  with  as  little  space  between 
as  possible ;  but  the  shght  advantage  gained  in  increased  heating 
effect  is  far  outweighed  by  the  impossibility  of  getting  into  the  flues 
for  examination.  It  is  only  by  having  the  flues  sufiGlciently  roomy 
that  proper  examination  can  be  made,  and  that  the  indications  on  the 
brickwork  of  leaking  can  be  seen  and  remedied,  and  corrosion 
arrested.  A  remarkable  case  of  corrosion  occurred  in  a  boiler  with 
an  oval  shell,  set  upon  a  middle  wall.  The  flues  were  too  narrow 
for  a  man  to  enter,  and  a  leak  in  the  bottom  was  only  discovered  by 
the  boiler  nearly  running  empty  while  the  engine  pumps  were 
standing  for  a  short  time.  It  was  subsequently  found  that  the 
whole  bottom  where  it  rested  on  the  wall  was  extensively  corroded 
in  a  continuous  line,  and  that  explosion  was  only  prevented  by  the 
numerous  stays  across  the  bottom  to  compensate  for  theK)val  shape. 
Fig.  24,  Plate  47,  shows  the  position  and  extent  of  the  corrosion,  and 
the  plate  was  completely  in  holes  at  the  parts  indicated  by  the 
black  marks.  This  corrosion  was  supposed  to  have  been  going  on 
for  about  three  years. 
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It  is  sometimes  asserted  that  corrosion  cannot  be  the  canse  of  an 
explosion,  because  the  corroded  place  wonld  simply  giye  way  and 
let  off  the  steam  harmlessly,  or  at  least  the  boiler  would  not  be 
displaced  firom  its  seating.  When  the  corrosion  is  only  local,  and 
snrronnded  by  sonnd  plates  of  sufficient  strength  to  arrest  the 
extension  of  the  fracture,  this  may  be  the  case,  as  in  an  explosion 
at  Sheffield  in  1865,  shown  in  Fig.  25,  Plate  47,  where  a  piece  of 
plate  was  blown  out  on  one  side  of  the  boiler,  allowing  the  steun 
and  water  to  escape  without  displacing  the  boiler ;  the  thickness  of 
the  plate  at  that  part  had  been  reduced  to  l-8th  inch  by  corrosion 
in  about  1|  years,  which  had  been  caused  by  leakage  at  the  seams 
firom  inefficient  repair  with  bolts  instead  of  rivets,  and  also  from  the 
moisture  having  been  allowed  to  be  kept  against  the  plate  hj  the 
brickwork.  But  even  under  such  circumstances,  if  the  piece  blown 
out  should  be  from  the  bottom,  the  whole  boiler  may  be  thrown 
a  great  distance  by  the  reaction  of  the  issuing  steam,  as  in  an 
explosion  at  Leeds  in  1865,  shown  in  Fig.  23.  If  the  corrosion 
extends  for  any  length,  the  first  rent  is  almost  sure  to  continue  until 
a  complete  explosion  is  the  result.  Several  of  the  small  models 
exhibited  to  the  meeting  show  the  line  of  fracture  in  various  cases  of 
explosion.  One  shows  the  appearance  of  a  plain  cylindrical  boiler 
after  explosion  caused  by  corrosion  along  the  whole  length  where  it 
rested  on  brickwork ;  this  ei^plosion  occurred  at  Wigan  in  1865,  and 
a  sketch  of  it  is  given  in  Fig.  22. 

Many  explosions  of  boilers  have  been  caused  by  accumulation  of 
scurf.  The  mischief  is  not  so  much  from  scurf  being  gradually 
deposited  all  over  the  interior  of  the  boiler  to  a  dangerous  thickness, 
as  from  the  chips  off  the  sides  falling  in  heaps  on  the  bottom.  The 
plate  beneath  this  accumulation  becomes  overheated,  because  not  in 
contact  with  the  water,  and  softens  and  sinks  down  into  a  "  pocket," 
which  if  unnoticed  will  soon  burn  quite  through.  K  the  scurf  that 
has  caused  the  mischief  is  thick  and  hard  enough  to  resist  the 
pressure  for  a  little  time,  the  hole  enlarges,  until  the  scurf  suddenly 
gives  way  and  allows  the  contents  to  issue  so  violently  as  to  distorb 
the  boiler,  or  at  least  to  blow  the  fire  out  of  the  grate.     Such  was 


BOILEB  EXPLOSIONS.  159 

an  explosion  at  Bilston  in  1863,  where  a  large  plain  cylindrical 
bofler  9  ft.  diameter  was  heated  by  three  large  fires  placed  side  by 
side  along  the  bottom ;  and  a  large  ''  pocket "  bnrst  ont  oyer  the  third 
grate,  and  scalded  the  Mtendant  to  death.  A  similar  pocket  in  a 
boiler  4  ft.  6  ins.  diameter,  which  exploded  at  Dadley  in  1864  after 
baying  been  at  work  six  weeks  without  cleaning,  is  shown  in  the 
transyerse  section,  Fig.  37,  Plate  50.  In  this  case  the  scnrf  had 
filled  up  the  circle  of  the  boiler  to  a  depth  of  3  inches  at  the 
bottom,  as  shown  in  the  drawing,  and  was  of  a  yery  hard  description ; 
and  the  boiler  plate  was  bent  out  in  a  gradual  curye,  and  thinned 
out  to  about  1-1 6th  inch,  the  original  thickness  being  ^  inch. 

The  whole  bottom  of  a  boiler  is  sometimes  injured  and  the  plates 
backled  and  the  seams  sprung  from  the  accumulation  of  mud. 
One  case  may  be  mentioned  where  the  water  was  yery  ftdl  of  mud, 
and  the  boilers  were  worked  day  and  night  during  the  week,  but 
stopped  for  seyeral  hours  on  Sunday,  during  which  time  the  deposit 
of  mud  was  so  thick  that  it  did  not  get  thoroughly  disengaged  again 
firom  the  bottom  when  the  boiler  was  set  to  work,  but  hardened  into 
a  mass.  Although  many  of  these  pockets  and  injuries  to  the  plates 
may  occur  without  serious  damage,  they  sqpetimes  cause  that  first 
rent  which  destroys  the  equilibrium  of  the  structure  and  leads  to 
explosion.  Some  of  the  specimens  of  scurf  exhibited  to  the  meeting 
show  that  their  thickness  is  made  up  of  small  chips  carelessly  left 
after  cleaning  or  fiJlen  from  the  sides  of  the  boiler,  as  seen  in 
Fig.  36,  Plate  50 ;  or  horn,  cotton  waste  or  other  matter  left  in 
the  boiler  and  forming  a  nucleus  for  the  scurf  to  accumulate  upon. 
Other  specimens  show  that  foreign  matter  must  haye  been  put  into 
the  boiler  to  stop  leaking. 

Accumulations  of  scurf  in  the  feed  pipes  at  the*  point  of  entrance 
into  the  boiler  haye  also  caused  explosion  by  stoppiug  the  supply  of 
water.  The  same  result  is  caused  by  the  freezing  of  the  water  in 
the  pipes  which  are  exposed ;  and  each  winter  one  or  two  boilers  are 
injured  or  exploded  from  this  cause,  especially  small  household 
boilBrs  placed  behind  kitchen  grates.  Scurf  cannot  be  considered 
so  great  an  eyil  as  corrosion,  since  it  can  be  remoyed ;  and  if  this  is 
done  in  time,  the  boiler  is  restored  to  its  original  condition. 
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The  advantage  of  a  pure  water  which  does  not  deposit  scarf  is 
so  great  for  the  snpplj  of  boilers  that  it  is  always  wortii  while  to 
go  to  considerable  expense  for  obtaining  it ;  or  to  take  some  steps 
for  pnrifying  the  feed  water  as  mnch  as  possible.     If  it  is  only  mud 
mechanically  suspended,   which  wonld  deposit  by  gravity  on  the 
bottom  of  the  boiler,  frequent  use  should  be  made  of  the  blow-off 
apparatus.     If  the  impurity   is   light    enough   to  be  carried  to 
the  sur&ce  in  the  form  of  scum,  the  blow-off  apparatus  should 
discharge  from  the  surface  of  the  water  as  well  as  from  the  bottran. 
If  the  impurity    is    chemically    suspended    in  the    water,  some 
one  of  the  many  substances  which  form  the  refuse  from  Tsrions 
manufactures  and  which  may  contain  suitable  ingredients  should  be 
used  to  counteract  the  effect  of  the  impurity.     Common  soda  will 
answer  the  purpose  perhaps  better  than  anything  else.    It  most  not 
be  forgotten  however  that  the  blow-off  apparatus  must  afterwards 
be  used  more  frequently,  to  rid  the  boiler  of  the  foreign  matter, 
or  the  mischief  will   be  increased.      In  marine  boilers  constant 
attention  is  necessary  to  get  rid  of  the  saline  deposit ;'  and  in 
stationary  boilers  using  impure  water  an  equally  systematic  attention 
is  needed  to  get  rid  of  the  earthy  deposit. 

Perhaps  no  cause  of  explosion  is  oftener  mentioned  than  shortness 
of  water,  and  this  is  not  unfrequently  con  pled  with  turning  on  the 
feed  suddenly  into  an  overheated  boiler.  Many  explosions  have 
been  attributed  to  this  cause,  when  closer  investigation  wonld  hare 
revealed  some  far  more  probable  reason.  For  instance,  shortness  of 
water  was  stated  as  the  cause  of  the  explosion  at  Abercam  in  1865 
of  a  single-tube  boiler  with  a  very  large  flue  tube,  which  collapsed 
upwards  from  the  bottom.  The  top  of  the  tube  and  the  sides  of 
the  shell  had  not  the  slightest  mark  of  overheating,  althoi^^h  exposed 
to  the  flame  of  three  frimaoes,  one  of  which  worked  through  the 
tube  and  the  others  on  each  side  of  the  shell.  In  this  case  the 
cause  of  explosion  was  clearly  the  weakness  of  the  tube,  and  not 
shortness  of  water.  It  is  erroneous  to  suppose  that  if  a  boiler  rone 
dry,  or  if  the  feed  is  turned  into  a  red-hot  boiler,  there  most 
necessarily  be  an  explosion.    If  a  boiler  unconnected  with  any  other 
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runs  rapidly  empty,  from  tlie  breaking  of  the  blow-off  pipe  or  any 
sacli  cause,  it  will  simply  get  red-hot  and  sink  out  of  shape  upon 
the  fire,  as  may  often  be  seen  ;  but  no  explosion  would  happen.  If 
the  water  only  falls  gradually,  as  it  would  if  the  feed  wei'e  turned 
off  and  evaporation  continued,  the  parts  exposed  to  the  fire  would 
get  overheated  as  the  water  left  them.  If  the  subsidence  of  the 
water  were  very  slow,  those  parts  might  get  red-hot,  and  so  much 
softened  and  weakened  as  to  be  incapable  of  bearing  the  pressure, 
when  an  explosion  would  take  place,  as  at  Smethwick  in  the  present 
year,  where  the  fines  were  set  above  the  water  line,  as  shown  in 
Fi^.  26,  Plate  47. 

If  however  the  water  were  turned  on  again  before  the  over- 
heating had  gone  so  far,  and  the  feed  pipe  were  as  usual  earned 
down  to  nearly  the  bottom  of  the  boiler,  the  water  would  gradually 
creep  up  the  heated  sides  and  cool  the  plates,  the  heat  of  whioh 
would  not  be  sufficient  to  cause  greater  evaporation  than  the 
ordinary  safety  valves  would  carry  off.  The  danger  would  not 
arise  so  much  from  the  excess  of  steam  generated  by  the  heat 
accumulated  in  the  heated  plates  of  the  boiler,  as  from  the  injury 
and  strain  that  would  be  caused  to  the  plates  by  the  undue 
expansion  and  sudden  contraction,  especially  as  this  action  would 
take  place  on  only  a  portion  of  the  boiler.  A  singular  case  bearing 
on  this  point  may  be  mentioned.  A  four-furnace  upright  boiler, 
like  that  shown  in  Fig.  74,  Plate  55,  happened  to  run  so  nearly 
empty,  through  the  accidental  sticking  of  the  self-acting  feed 
apparatus,  that  the  level  of  the  water  sank  to  the  top  of  the 
hemispherical  end  forming  the  bottom  of  the  boiler.  The  feed 
apparatus  then  became  released  of  itself,  and  the  feed  being  turned 
ftdl  on,  the  water  gradually  rose  until  the  whole  occurrence  was 
only  discovered  by  the  leaking  at  the  seams  that  had  been  sprung, 
which  caused  so  much  steam  in  the  fines  as  to  stop  the  working  of 
the  furnaces.  The  overheating  had  been  sufficient  to  buckle  the 
plates,  and  in  one  place  a  rupture  had  almost  commenced ;  but 
there  was  no  explosion.  By  way  of  direct  experiment  upon  this 
point,  boilers  have  been  purposely  made  red-hot  and  then  filled  with 
cold  water,  without  causing  explosion. 

z 
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It  has  been   supposed   that  boilers   sometimes  explode  from 
overheating  without  the  water  level  being  below  the  usual  point,  or 
without  the  accumulation  of  scurf  previously  alluded  to,  bat  simply 
bj  the  rapidity  of  the  evaporation  from  an  intensely  heated  snrfaoe 
causing  such  a  continuous  current  of  steam  as  to  prevent  the  proper 
contact  of  the  water  with  the  heated  plate.     Such  has  been  the 
cause  assigned  ^r  the  explosion  of  a  three-furnace  upright  boiler  at 
Birmingham  in  1865,  shown  in  Fig.  20,  Plate  47.     A  piece  of  plate 
about  3  ft.  by  1 1  ft.  was  blown  out  of  the  side,  at  a  place  where  an 
enormous    flame    impinged     continually.      The    plates    had  first 
bulged  out,  and  then  given  way  in  the  centre  of  the  bulge,  eacli 
edge  being  doubled  back  and  broken  off.     There  was  no  positire 
evidence  as  to  the  water  supply  ;  but  the  crown  of  the  centre  tabe, 
which  was  much  above  the  bottom  of  the  part  blown  out,  remained 
uninjured. 

A  somewhat  similar  case  was  that  of  a  large  horizontal  boiler 
at  Kidderminster,  the  tube  of  which  collapsed  in  1865,  as  shown 
in  Fig.  21,  Plate  47.  It  was  heated  by  four  furnaces,  one  of  which 
worked  into  the  tube,  one  under  the  bottom,  and  one  on  each  side; 
and  all  the  ftimaces  worked  into  the  same  end  of  the  boiler.  The 
tube  was  found  to  have  partially  collapsed  at  that  end,  and  the  top 
had  dropped  11  inches.  This  was  repaired  in  the  first  instance,  but 
was  afterwards  ag^n  found  injured  by  overheating,  although  not  so 
seriously.  It  is  very  probable  that  the  extremely  rapid  ebnllition 
from  the  sides  and  bottom,  &om  which  the  steam  had  to  pass  np 
the  narrow  space  between  the  tube  and  the  shell,  produced  such  a 
foaming  that  very  little  solid  water  could  reach  the  top  of  the  tube 
where  it  was  exposed  to  extreme  heat. 

Many  explosions  have  been  attributed  to  deterioration  of  the  iron 
through  long  use,  as  in  an  explosion  at  Durham  in  1864,  and  another 
at  HasweU  near  Sunderland  in  1865,  where  the  boilers  had  worked 
constantly  for  25  and  30  years  respectively.  When  an  explosion 
arises  from  the  failure  of  a  plate  which  has  not  been  properly  welded 
in  rolling,  there  is  no  question  that  it  was  unsound  when  put  in, 
and  escaped  notice ;  but  when  the  plate  that  fails  is  found  to  be 
brittle  and  of  bad  iron,  the  fault  is  rather  attributed  to  the  effect  of 
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working  than  to  original  bad  quality.  Of  course  this  is  not  always 
the  case,  as  the  injury  done  to  plates  by  overheating  has  been  already 
explained.  Pieces  of  plate  have  in  some  cases  been  erroneously 
pronounced  to  be  deteriorated  by  work,  which  have  been  taken  from 
situations  in  the  boilers  where  they  were  not  exposed  to  any  action  of 
fire  that  could  cause  overheating ;  and  therefore  in  reality  the  injury 
could  only  have  taken  place  wben  the  boiler  was  being  made, 
by  burning  the  iron  in  bending  it  to  the  required  shape.  A  frequent 
cause  of  fatal  injury  to  boilers  is  injudicious  repair,  whereby 
the  crossing  of  the  seams  is  destroyed,  as  in  the  explosion  at 
Wolverhampton  in  1865,  previously  referred  to  and  shown  in 
Fig.  8,  Plate  44.  Moreover  the  edges  of  the  old  plates,  already 
tried  by  the  first  rivetting  and  the  subsequent  cutting  out  of  the 
rivets,  are  frequently  strained  again  by  the  use  of  the  drift  to  draw 
them  up  to  the  strong  new  plates ;  and  many  a  seam  rip  is  thus 
started  which  ultimately  causes  explosion. 

Many  explosions  have  been  caused  by  the  want  of  proper  apparatus 
for  enabling  the  attendant  to  tell  the  height  of  the  water  and  the 
pressure  of  the  steam,  and  also  by  the  want  of  sufficient  apparatus  for 
supply  of  feed  water  and  escape  of  steam,  or  by  the  failure  of  one  or 
other  of  these ;  but  such  explosions  can  only  be  referred  to  generally 
in  the  present  paper.  The  mountings  on  a  boiler  are  usually  so  open 
to  observation,  and  the  impor^nce  of  having  them  good  and  efficient 
is  so  universally  acknowledged,  that  much  remark  is  not  needed. 
Mention  has  already  been  made  of  the  sticking  of  self-acting  feed 
apparatus  as  a  cause  of  mischief,  and  similar  failures  of  floats  and 
gauges  have  constantly  happened ;  but  this  should  by  no  means  be 
considered  to  condemn  self-acting  apparatus,  either  for  assisting  in 
the  steadiness  of  working,  or  for  giving  warning  of  danger.  The 
apparatus  however  should  be  relied  on  for  assistance  only ;  and  an 
attendant  cannot  be  called  careful  who  leaves  a  boiler  dependent  on 
such  apparatus  without  watching.  The  self-acting  principle  has 
been  seen  by  the  writer  applied  in  a  novel  and  useful  way  in  a 
recording  pressure  gauge,  which  proved  the  more  interesting  as  it 
had  shown  the  actual  pressure  of  steam  at  the  time  of  the  explosion 
of  one  of  the  boilers  with  which  it  was  connected. 
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Among  the  namerona  boiler  explosions  that  have  been  attributed 
to  over-pressnre  through  deficient  arrangements  for  escape  of  steam, 
in  many  cases  the  safely  valves  have  been  placed  on  the  steam 
pipes  in  such  a  manner  that  the  communication  with  them  was  cut 
off  whenever  the  steam  stop- valve  was  shut,  which  is  just  the  time 
when  the  safety  valves  are  most  wanted.  Safety  valves  are  too  often 
found  needlessly  overweighted ;  and  it  is  believed  that  many  boilers 
are  constantly  worked  with  safety  valves  so  imprudently  arranged 
and  weighted  that  they  could  not  carry  off  all  the  steam  the  boilers 
would  generate  without  a  very  great  increase  of  pressure. 

It  is  concluded  that  enough  has  now  been  said  to  show  that 

boiler  explosions  do  not  arise  from  mysterious  causes,  but  generallj 

from  some  defect  which  could  have  been  remedied  if  it  had  been 

known  to  exist.     It  only  remains  therefore  to  consider  what  is  the 

most  ready  and  efficient  way  to  discover  the  true  condition  of  a 

boiler.     It  has  been  maintained  that  this  end  is  best  accomplished 

by  what  is  called  the  hydraulic  test,  in  which  a  pressure  of  water  is 

maintained  in  the  boiler  for  a  given  time  at  a  certain  excess  above 

the  working  pressure.     This  test  is  undoubtedly  useful  so  fiw  as  it 

goes,  and  is  perhaps  the  only  one  that  can  be  applied  to  boilers  with 

small  internal  spaces,  such  as  locomotive  boilers,  not  admitting  of 

personal  inspection  over  the  whole  of  the  interior ;  and  it  is  also 

admirable  for  testing  the  workmanship  of  a  new  boiler.     But  on  the 

other  hand  the  conditions  of  a  boiler  at  work  are  bo  different  firom 

those  which  exist  during  the  hydraulic  test,  that  this  alone  cannot 

be  depended  on ;  for  old  boilers  have  been  known  to  stand  this  test 

to  double  their  working  pressure  without  apparent  injury,  although 

known  to  be  dangerously  corroded.     The  difficulty  also  of  seeing  or 

measuring  the  effect  of  the  hydraulic  test  upon  large  boilers  set  m 

elaborate  brickwork  is  so  great  that  little  practical  benefit  has 

resulted  in  many  cases. 

It  is  believed  by  the  writer  that  the  surest  way  to  ascertain  the 
true  condition  of  a  boiler  is  to  examine  it  at  frequent  intervals  m 
every  part,  both  inside  and  outside ;  and  as  this  can  only  be  done 
when  both  the  boilers  and  the  flues  can  be  readily  entered,  it  is 
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Specially  important  that  ^oilitj  for  examination  should  be  made  a 
consideration  in  selecting  a  construction  of  boiler.  Permanent  safety 
should  be  considered  as  an  element  of  economy,  in  addition  to  its  still 
higher  importance  in  reference  to  the  preservation  of  life. 


Mr.  Marten  exhibited  a  large  collection  of  specimens  of  corroded 
and  fractured  plates  from  boilers  that  had  exploded,  together  with 
models  showing  the  construction  of  some  of  the  exploded  boilers 
and  the  results  of  their  explosion.  A  set  of  elastic  models  of 
different  constructions  of  boilers  were  also  shown,  by  means  of 
which  the  effect  of  over-pressure  of  steam  in  altering  the  shape  of 
the  boiler  and  thereby  leading  to  explosion  was  clearly  illustrated. 

Mr.  W.  Fairbairn  fully  concurred  in  the  views  advanced  in  the 
paper  that  had  been  read,  as  to  the  importance  of  periodical 
inspection  as  a  means  of  preventing  steam  boiler  explosions,  and  he 
considered  that  was  the  only  way  in  which  safety  could  be  effectually 
ensured.  In  the  case  of  the  Manchester  Boiler  Association,  with 
which  he  had  been  connected  from  its  formation  ten  years  ago,  the 
practice  referred  to  in  the  paper  of  careful  inspection  had  been 
carried  out  from  the  commencement,  and  also  that  of  collecting 
records  of  every  particular  connected  with  boiler  explosions  that 
occurred  within  the  cognizance  of  the  Association.  During  the 
ten  years  of  its  operations,  only  four  explosions  had  occurred  of 
boilers  inspected  by  the  Association,  causing  the  loss  of  three 
lives;  and  this  exemption  from  accident  was  entirely  due,  he 
believed,  to  the  periodical  inspection  of  every  boiler  once  in  every 
three  months;  for  during  the  same  ten  years  the  explosions  of 
boilers  not  inspected  by  the  Association  had  caused  the  deaths  of 
500  or  600  persons,  and  serious  injury  to  nearly  double  that  number^ 
making  an  average  of  5  persons  killed  per  month. 
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Having  witnessed  tlie  gradnal  increase  of  steam  pressure  in 
stationary  boilers  during  the  past  thirty  years,  from  the  original 
7  lbs.  pressure  in  the  old  Bonlton  and  Watt  boilers  up  to  the 
present  pressures  of  from  40  lbs.  to  70  lbs.  and  80  lbs.  in  many 
factory  engines,  he  was  strongly  of  opinion  that  there  were  oeriain 
circumstances  connected  with  the  employment  of  these  higher 
pressures  of  steam  which  were  not  yet  ftiUy  appreciated  and 
practically  attended  to.  This  appeared  to  be  particularly  the  case 
in  reference  to  the  remarkable  circumstance  of  grooving  that  was 
supposed  to  be  produced  by  oxidation  along  the  edges  of  the 
joints  in  boilers  working  with  the  higher  pressures,  so  that  the 
metal  of  the  plates  became  eaten  away  along  the  joints  until 
the  thickness  was  frequently  reduced  in  some  places  to  less  than 
l-8th  or  l-16th  inch ;  and  in  locomotive  boilers  working  at  still 
higher  pressures  this  grooving  action  of  the  corrosion  took  place 
with  still  greater  rapidity.  The  effect  was  probably  produced  by 
causes  both  chemical  and  mechanical,  the  former  arising  from  the 
water  with  which  the  boiler  was  fed,  and  the  latter  from  the 
construction  of  the  boiler  itself  and  the  strains  to  which  it  was 
subjected  by  alternate  expansion  and  contraction  in  working. 

Another  fruitftd  source  of  explosion  was  the  collapse  of  internal 
tubes,  both  in  single-flue  or  Cornish  boilers  and  in  double-flue  or 
Lancashire  boilers ;  and  he  believed  almost  as  many  explosions  took 
place  from  the  collapse  of  tubes  as  from  the  tearing  of  the  oater 
shell  of  the  boiler.  He  did  not  know  however  of  any  stationaiy 
boiler  that  was  simpler  in  construction  thaoi  the  double-flue  boiler, 
which  was  now  in  general  use  throughout  the  country,  h«mg 
originated  with  himself  more  than  twenty  years  ago.  But  it  was 
most  important  to  bear  in  mind,  in  the  case  of  internal  tubes  or  flues, 
that  the  strength  of  a  tube  to  resist  coUapse  by  external  pressure 
varied  inversely  as  its  length ;  so  that  if  a  tube  of  30  feet  length 
collapsed  under  an  external  pressure  of  100  lbs.  per  square  inch,  a 
rigid  hoop  put  round  it  at  the  middle  of  its  length  would  double 
its  power  of  resistance  and  render  200  lbs.  necessaiy  to  effect 
collapse.  Several  explosions  of  Cornish  boilers  by  collapse  of 
the  internal  flue   had  lately  taken  place,   and   he  was  surprised 
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that  BO  simple  a  remedy  liad  not  been  applied,  as  lie  believed 
the  use  of  stiffening  hoops  ronnd  the  internal  tnbes  was  now 
generally  adopted  in  the  Lancashire  district,  and  this  plan  was 
particnlarly  important  in  boilers  having  large  and  long  tnbes  of 
35  to  40  feet  length  and  upwards.  The  internal  flues  had  also  been 
strengthened  by  the  addition  of  small  transverse  tubes  extending 
across  the  flue  from  top  to  bottom ;  but  though  the  heating  surface 
was  thereby  increased,  so  that  more  steam  was  generated,  he  thought 
there  was  no  cheaper  and  better  construction  in  the  long  run  than 
the  simple  two-flue  boiler.  He  hoped  those  principles  of  construction 
wonld  become  generally  adopted  that  would  admit  of  greatly 
increased  pressures  of  steam  being  employed,  with  reasonable 
certainty  of  freedom  from  the  lamentable  results  which  followed 
in  the  train  of  boiler  explosions. 

Colonel  Kennsdt  considered  they  were  greatly  indebted  to  the 
anthor  of  the  paper  for  the  laborious  attention  he  had  given  to  the 
snbject,  and  the  very  valuable  information  he  had  collected  in 
reference  to  the  causes  of  explosion  in  stationary  boilers,  which  he 
bad  no  doubt  would  be  the  means  of  directing  attention  also  in 
other  quarters  to  the  explosions  of  locomotive  and  marine  boilers. 
From  the  explanations  given  in  the  paper  respecting  the  various 
causes  of  explosion,  it  was  clear  that  much  of  the  injury  and  loss  of 
life  which  had  hitherto  been  occasioned  by  boiler  explosions  might 
in  ifoture  be  prevented  by  carefrd  inspection  of  steam  boilers ;  and 
the  obscurity  in  which  the  causes  of  so  many  explosions  had  been 
enveloped  might  henceforth  be  dispelled  by  proper  examination,  and 
the  real  causes  of  such  accidents  might  in  almost  every  instance  be 
elucidated. 

Mr.  F.  J.  Brahwell  remarked  that  it  would  appear,  from  the 
comments  made  in  the  paper  upon  the  diflerent  descriptions  of 
stationary  boilers  which  had  been  noticed,  that  there  was  not  any 
one  kind  of  boiler  which  was  considered  entirely  satis&ctory ;  and 
frofia  the  several  considerations  that  had  been  advanced  in  reference 
to  the  constructions  of  boilers  it  appeared  that,  so  &r  as  any 
preference  was  entertained,  it  was  in  favour  of  the  plain  cylindrical 
boiler  with  hemispherical  ends,  fired  underneath,  and  fixed  so  as  to 
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allow  of  cozDpleie  exaimnation  of  its  eotire  snr&oe  at  any  time,  and  not 
having  any  covering  on  tlie  top  to  prevent  loss  of  heat  by  exposure. 
This  seemed  by  no  means  a  satis&ctory  resnlt  to  arrive  at,  as  be 
believed  such  boilers  mnst  always  be  wastefnl  in  consnmption  of 
fuel,  and  liable  to  injury  at  the  bottom  by  deposit  of  scnrf  upon  the 
plates  immediately  over  the  fire.  His  own  opinion  was  much  more 
in  favonr  of  the  Lancashire  or  donble-flne  boiler,  which  was  perhaps 
in  most  general  nse  for  manufactories ;  for  there  was  a  greater 
amount  of  heat  obtained  with  the  same  consumption  of  fuel  from  the 
internal  fire  situated  inside  the  flues,  as  contrasted  with  an  external 
fire  playing  upon  the  sheU  of  the  boiler:  moreover  the  deposit 
could  accumulate  in  the  comparatively  cool  space  below  the  flaes 
without  causing  injury  to  the  bottom  of  the  boiler  from  overheating. 
There  was  also  a  fair  amount  of  water  space  and  steam  room  in  tliis 
boiler,  to  serve  as  a  reservoir  for  preventing  any  very  sudden 
fluctuations  in  the  steam  pressure  in  case  of  negligent  firing ;  and 
when  the  flues  were  properly  stayed  by  external  strengthening 
rings,  there  need  be  no  reason  for  fearing  explosion  by  collapse  of 
the  flues.  Allusion  had  been  made  in  the  paper  to  boilers  holding 
only  a  small  amount  of  water,  so  as  to  lessen  the  disastrous 
consequences  of  an  explosion  and  prevent  any  serious  damage  bemg 
done  by  such  an  accident;  and  some  boilers  of  that  class  had 
doubtless  proved  completely  satisfactory  in  this  respect  and  highly 
successful  in  rapid  generation  of  steam,  particularly  with  the 
improved  arrangements  devised  for  ensuring  efficient  circulation  of 
the  water.  He  fully  concurred  however  in  the  remarks  made  in 
the  paper  respecting  these  boilers,  that  on  the  very  account  of  the 
small  quantity  of  water  contained  in  them  there  was  constant 
danger  of  injury  to  the  boilers  themselves  from  any  negligence  in 
the  firing  or  any  irregularity  in  the  feed.  Moreover  in  boilers 
producing  so  very  rapid  a  generation  of  steam  in  proportion  to  their 
contentB  he  thought  the  statements  that  were  frequently  made  as 
to  the  rate  of  evaporation  of  the  water  should  be  received  with  some 
doubt,  when  the  evaporation  was  ascertained  only  by  means  of  a 
water  meter  attached  to  the  feed  pipe ;  for  h^  believed  in  many  cases 
where  a  very  high  evaporation  was  supposed  to  be  obtained,  if  the 
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exhaafit  steam  from  the  engine  were  passed  into  a  condenser,  it  wonld 
be  found  that  the  amount  of  water  deposited  in  the  condenser  was 
much  more  than  that  due  to  the  steam  employed  in  the  engine, 
showing  that  a  considerable  quantity  of  water  must  have  been 
carried  off  from  the  boiler  mixed  with  the  steam,  owing  to  the 
violent  ebullition  of  the  water  in  the  boiler.  In  these  cases 
therefore  he  considered  the  only  correct  way  of  arriving  at  the 
actual  evaporative  power  of  the  boiler  was  by  the  employment  of  a 
condenser  in  connection  with  the  engine ;  by  which  means  not  only 
could  the  amount  of  water  brought  over  be  ascertained,  but  the  heat 
given  out  could  also  be  measured,  and  thus  the  quantity  really 
evaporated  and  that  carried  over  by  priming  could  be  separately 
arrived  at. 

With  regard  to  the  covering  of  stationary  boilers,  he  was 
surprised  that  the  use  of  sand  for  the  purpose  had  not  been  spoken 
of  more  favourably  in  the  paper,  as  he  had  himself  employed  it 
constantly  for  covering  boilers  and  had  found  it  a  very  satis&ctory 
means  of  protecting  them.  The  sand  was  itself  a  very  good 
non-conductor  of  heat,  and  it  was  cheap,  and  easy  to  be  removed 
with  a  shovel  at  any  time  for  examining  the  boiler  plates,  and  in 
this  respect  decidedly  superior  to  more  costly  coverings  which  could 
not  be  readily  removed.  Any  droppings  of  water  upon  the  sand 
covering  became  absorbed  by  it,  as  by  a  sponge,  without  penetrating 
so  &r  as  to  reach  the  boiler  plates,  if  a  proper  thickness  of  sand 
were  used;  and  the  moisture  was  afterwards  evaporated  by  the 
heat  from  the  boiler.  On  these  accounts  he  had  been  led  to  consider 
sand  the  most  advantageous  material  that  could  be  employed  for 
covering  stationary  boilers.  The  feeding  of  boilers  ought  no  longer 
to  present  any  difficulty ;  for  if  the  Giffard's  injector  were  applied 
to  every  boiler  or  set  of  boilers,  in  addition  to  the  present  feed 
pumps,  the  regulation  of  the  feed  in  stationary  boilers  would  always 
be  absolutely  under  control,  and  could  be  adjusted  to  correspond 
exactly  withrthe  quantity  of  steam  required. 

Mr.  H.  Maudslat  remarked  that  the  voluminous  and  authentic 
records  contained  in  the  paper  formed  a  most  valuable  contribution 
to  the  Proceedings  of  the  Institution,  and  the  careful  manner  in 

a2 


170  BOILER  EXPLOSIONS. 

whicli  the  information  bad  been  compiled  and  illustrated  fdiiher 
enbanced  its  value ;  and  tbej  were  greatly  indebted  to  the  author 
for  haying  prepared  the  paper.     A  very  useful  summary  had  been 
given  at  the  commencement  of  the  paper,  not  only  of  the  nnmber 
of  explosions  that  had  occurred  from  the  different  causes  which  led 
to  such  accidents,  but  also  of  the  number  of  explosions  that  had 
taken  place  with  the  different  constructions  of  boilers  in  general 
use ;  and  he  had  no  doubt  that  the  continuance  of  such  a  system  of 
classification  would  lead  to  beneficial  results  in  the  prevention  of 
explosions  for  the  future.      As  the  subject  of  the  paper  wja  the 
explosions  of  boilers,  it  was  of  course  unavoidable  that  all  the 
instances  adduced  as   illustrations   in  the  paper  presented  some 
unsatisfactory  features,  through  the  existence  of  which  a  failure  of 
the  boiler  had  either  actually  taken  place,  or  might  be  expected  to 
occur  unless  effectually  guarded  against  by  proper  inspection ;  and 
it  would  remain  for  the  balance  of  advantages  or  disadvantages 
attending  any  particular  construction  of  boiler  to  be  determined  hj 
the  special   circumstances   of  the  situation  and  working  in  the 
particular  case  under  consideration. 

Mr.  W.  Richardson  observed  that  among  the  specimens  exhibited 
of  fractured  boiler  plates  he  noticed  one  which  appeared  to  be  taken 
from  the  bottom  of  the  shell  of  a  cylindrical  boiler,  where  the 
fracture  had  run  along  one  of  the  transverse  circular  seams  through 
the  line  of  the  rivet  holes ;  and  he  enquired  what  was  supposed  to 
have  been  the  cause  of  the  rent  in  that  case,  as  the*  iron  of  the 
plates  appeared  to  be  sound  and  of  good  quality. 

Mr.  Marten  replied  that  the  fractured  plate  referred  to  was  from 
the  bottom  of  one  of  the  very  long  plain  cylindrical  boilers  constructed 
for  being  heated  by  the  waste  gas  from  the  blast  Aimace,  which  had 
ruptured  at  an  ironworks  in  the  North  of  England ;  and  he  believed 
the  rent  had  been  caused  in  the  manner  explained  in  the  paper, 
through  the  bottom  of  the  boiler  being  expanded  by  the  heat  while 
the  top  was  kept  cool  by  exposure  to  the  air,  the  amount  of  the 
strain  being  aggravated  by  the  great  length  of  the  boiler. 

Mr.  W.  ElOHABDSON  thought  that  could  not  be  the  oorrect 
explanation  of  the  fracture  in  this  case,  as  the  expansion  of  the 
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bottom  of  the  boiler  would  pnt  a  strain  of  compression  npon  the 
plates  in  the  bottom,  and  the  rent  mnst  of  course  have  been 
occasioned  by  tension.  He  thought  the  cause  was  one  which  was 
often  met  with,  particularly  in  plain  cylindrical  boilers,  namely  an 
injudicious  mode  of  supplying  the  feed,  the  cold  feed  water  being 
delivered  into  the  boiler  in  an  undivided  stream  near  the  bottom,  or 
£iJling  direct  to  the  bottom  by  its  greater  specific  gravity,  whereby 
the  boiler  bottom  was  suddenly  cooled  at  one  part  and  caused  to 
contract  violently,  while  the  rest  of  the  shell  remained  heated  and 
expanded;  then  the  strain  produced  by  the  contraction  would  of 
coarse  run  to  the  weakest  part  of  the  boiler  bottom,  and  a  fracture 
would  ultimately  be  produced  by  the  repeated  action  of  the  strain 
at  each  time  of  turning  on  the  feed  again  after  it  had  been  shut  off 
for  an  interval.  In  order  to  obviate  this  difficulty  he  considered  the 
feed  water  ought  always  to  be  either  heated  before  entering  the 
boiler,  or  circulated  through  pipes  inside  the  boiler  itself,  so  as  to  be 
made  sufficiently  hot  before  being  allowed  to  mix  with  the  water  in 
the  boiler,  in  order  to  prevent  any  injurious  effects  from  difference 
of  temperature. 

Mr.  W.  Waller  said  that  he  was  personally  acquainted  with  the 

case  of  the  fractured  plate  exhibited,  and  the  feed  water  had  been 

heated  before  entering  the  boiler;    and  therefore   he  thought  a 

safELcient  explanation  appeared  to  be  that  the  boiler  had  on  some 

occasions  been  emptied  by  blowing  off,  while  the  flues  surrounding 

it  continued  nearly  red-hot,  so  that  the  whole  boiler  shell  became 

very  much  overheated ;  and  then  the  sudden  cooling  of  the  bottom 

by  the  free  admission  of  cold  dr  would  have  produced  the  severe 

strain  of  contraction  which  ultimately  led  to  the  rent.     In  some 

instances  of  similar  rents  in  the  bottoms  of  plain  cylindrical  boilers, 

in  which  the  shell  was  made  of  Cleveland  plates,  but  the  bottom 

exposed  to  the  Are  of  Low  Moor  plates,  the  cause  could  not  be 

traced  to  any  defect  in  the  plates  or  the  rivetting ;  and  the  idea  was 

then  suggested  that  it  might  be  due  to  a  different  rate  of  expansion 

in  the  two  qualities  of  plates  used  in  the  construction  of  the  boilers. 

In  order  to  ascertain  the  actual  difference  of  expansion,  two  strips 

of  plate,  which  he  exhibited,  one  of  Low  Moor  iron  and  the  other 
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of  Cleveland  iron,  each  47  inclies  long  by  Sf  inches  wide  and  |  incli 
thick,  were  rivetted  together  side  by  side  at  one  end ;  and  on  then 
heating  them  together  to  a  black  red  heat  it  was  found  tliat  the 
Low  Moor  bar  had  expanded  faWj  l-16th  inch  less  in  length  than 
the  other.  In  one  of  the  cylindrical  boilers  of  80  feet  length  this 
extent  of  difference  wonld  amount  to  as  much  as  1^  inch,  the 
consei^nence  of  which  must  be  a  severe  tensile  strain  on  the  bottom 
of  the  boiler ;  and  he  had  seen  cases  of  as  many  as  three  or  four 
seams  ripped  in  the  length  of  the  boiler  bottom,  where  the  bottom 
had  been  made  of  Low  Moor  plates  while  the  rest  of  the  sholl  was 
of  common  iron. 

Mr.  L.  E.  Fletchbb,  Engineer  of  the  Manchester  Association  for 
the  prevention  of  steam  boiler  explosions,  was  snre  it  must  hare 
been  no  easy  matter  to  collect  all  the  details  and  arrange  snch  a 
mass  of  information  as  was  given  in  the  paper  that  had  been  read ; 
and  it  was  clear  that  the  subject  of  stationary  boilers  alone  afforded 
ample  material  for  a  long  paper,  without  going  into  the  question  of 
locomotive  and  marine  boilers.  From  his  own  experience  in 
investigating  the  causes  of  boiler  explosions  for  some  years  past  he 
was  convinced  that  a  great  deal  of  unnecessary  mysteiy  and 
uncertainty  had  been  attached  to  the  subject,  while  in  truth  there 
was  no  mystery  whatever  connected  with  it ;  and  he  thought  no 
progress  would  be  made  in  the  prevention  of  explosions  until  it  was 
accepted  as  a  principle  that  there  was  nothing  incomprehensible  in 
connection  with  such  catastrophes.  The  whole  range  of  canses 
might  be  summed  up  in  the  single  word  "neglect:"  either 
disregard  of  some  mechanical  principles  in  the  original  constmction 
of  the  boiler,  or  want  of  proper  attention  in  its  subsequent  working 
to  ensure  the  conditions  requisite  for  safety.  Explosions  firom 
collapse  were  due  to  neglect  in  first  construction ;  and  those  from 
shortness  of  water,  excessive  pressure  of  steam,  or  wasting  of  the 
boiler  plates  by  corrosion,  to  neglect  in  subsequent  management. 

The  plain  cylindrical  egg-ended  boiler,  though  apparently 
advantageous  in  construction  before  being  put  to  work,  he  had 
found  practically  a  very  dangerous  form,  as  it  was  so  unmanageable 
in  working  that  scarcely  any  amount  of  attention  or  inspection 
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could  keep  it  safe.    The  fracfcured  plate  exhibited  from  the  bottom 

of  a  plain  cjlindrical  boiler,  with  the  rent  following  one  of  the 

transverse  circular  rows  of  rivets,  illustrated  the  way  in  which  such 

boilers  frequently  failed ;  and  he  thought  the  general  cause  of  these 

£ulures  was  very  simple,  and  was  not  sufficiently  apprehended.     It 

was  evident  that  a  rent  in  that  situation  could  not  arise  from 

expansion  of  the  boiler  bottom,  but  must  be  produced  by  contraction, 

and  he   believed  that    contraction  was   continually   occurring  in 

ordinaiy  working,  &om  the  firedoor  being  opened  for  firing ;  and 

then,  the  bottom  of  the  boiler  being  very  hot  in  consequence  of  the 

external  firing,  the  rush  of  cold  air  every  time  the  door  was  opened 

caused  a  sudden  cooling  and  contraction  of  the  bottom  plates,  the 

constant  repetition   of  which  frequently  produced  a  rent  across 

the  bottom,  exactly  as  in  the  specimen  exhibited.     On  this  account 

he  did  not  think  a  boiler  of  that  class  could  be  kept  safe  for  working, 

even  when  the  feed  water  was  heated ;  and  with  cold  feed  water  the 

injury  to  the  boiler  bottom  was  of  course  still  more  rapid,  as  the 

cooling  effect  of  the  feed  caused  the  bottom  to  contract  and  to  be 

in  tension  from  the  sides  of  the  boiler  remaining  expanded  by  heat. 

In  all  constructions  of  boilers  the  most  efiectual  remedy  for  the  evils 

attending  cold  feed  water  was  to  heat  the  feed  before  it  entered  the 

boiler,  and  to  disperse  it  gently  over  a  large  area  instead  of  delivering 

it  all  in  at  one  spot.    A  seam-rent  along  a  line  of  rivet  holes,  such  as 

was  seen  in  the  specimen  exhibited,  was  also  sometimes  caused  by 

bad  workmanship  in  the  construction  of  the  boiler,  the  rivet  holes 

not  being  made  to  correspond  with  sufficient  accuracy  in  the  two 

plates,  so  that  the  rivets  could  not  be  put  in  fairly  parallel  and  the 

holes  had  to  be  worked  with  a  drift,  whereby  the  iron  was  severely 

strained  and  small  cracks  were  liable  to  be  started  at  the  rivet  holes. 

The  upright  boilers  heated  by  puddling  furnaces  in  ironworks, 

surrounded  with  brickwork,  and  placed  in  the  busiest  part  of  the 

works  with  numbers  of  men  around,  seemed  as  if  specially  contrived 

for  doing  as  much  injury  as  possible  in  case  of  an  explosion.    When. 

one  of  these  boilers  exploded,  it  sent  the  brickwork  flying  like  grape 

shot  in  every  direction ;  and  by  the  explosion  of  such  a  boiler  he 

had  known  as  many  as  twenty-five  persons  killed  on  the  spot,  while 
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the  hayoc  produced  was  fearfdl.  These  boilers,  like  tbe  plain 
cylindrical  boilers,  were  indeed  quite  unmanageable  in  pnctioe. 
The  flames  from  the  furnaces  impinged  direct  upon  the  boiler 
plates  ;  for  although  there  might  be  a  screen  of  brickwork  at  the 
bottom  in  the  first  instance,  to  protect  the  plates  from  beiog 
overheated,  this  was  liable  to  fall  away  without  being  noticed,  or  even 
if  its  defective  condition  was  known  there  was  seldom  time  to  stop 
the  furnaces  for  repairing  it ;  and  the  flames  were  allowed  to  plaj  on 
the  plates  with  full  force,  until  an  explosion  was  the  result  of  the 
consequent  injury  to  the  plates. 

Explosions  arising  from  the  collapse  of  internal  flues  conld  be 
entirely  prevented  by  the  addition  of  the  external  strengthening 
hoops  that  had  been  already  referred  to ;  while  wasting  of  the 
boiler  plates  by  corrosion  could  be  detected  by  careful  inspection 
in  time  to  avert  the  danger.  In  connection  however  with 
expk)sions  arising  from  both  these  causes  it  too  frequently 
happened  that  the  blame  was  laid  upon  the  stoker,  when  he  was 
only  the  victim  and  not  the  cause  of  the  explosion.  An  instance  of 
this  sort  was  aflbrded  by  the  explosion  that  occurred  in  I8d5  at 
Abercam  in  South  Wales,  which  was  stated  to  have  been  caused  by 
shortness  of  water,  and  the  blame  was  laid  upon  the  engineman, 
whom  however  he  believed  to  be  quite  innocent  in  the  matter ;  for 
it  was  certain  that  the  explosion,  which  arose  through  the  collapse 
of  the  internal  flue  of  the  boiler,  was  simply  due  to  its  weakness, 
since  the  flue  was  liot  strengthened  as  it  should  have  been  with  any 
external  hoops,  though  as  much  as  4  feet  in  diameter,  oval  in 
construction,  and  worked  at  a  pressure  of  5?  lbs.  per  square  inch ; 
while  the  plates  were  wasted  by  corrosion,  and  improperly  repaired 
with  patches  bolted  on  instead  of  rivetted.  Such  an  example  as 
this,  where  the  simple  weakness  of  the  construction  of  the  boiler 
had  been  the  cause  of  the  explosion,  was  sufficient  to  show  the 
importance  of  ascertaining  the  real  source  of  mischief  in  eveiy 
instance,  and  not  allowing  the  matter  to  be  mystified  by  any 
circumstances  of  doubtful  reality. 

Of  all  the  stationary  boilers  that  came  under  his  inspection  he 
had  found  the  two-flued  or  Lancashire  boiler  internally  fired  was 
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the  safest.  Although  there  mnst  of  conrse  be  a  contest  between 
the  internal  flues  and  the  shell  of  this  boiler  from  their  different 
amounts  of  expansion,  yet  this  was  now  fully  understood,  and 
Buccessfullj  met  by  a  proper  mode  of  construction.  It  had  been  a 
difficulty  of  many  years'  standing,  but  was  now  fairly  overcome  and 
provided  for.  The  proper  way  to  construct  all  internal  flues  he 
considered  was  to  bend  the  plates  to  a  perfectly  true  circle,  and  weld 
the  longitudinal  joints  instead  of  rivetting  them,  so  as  to  avoid 
destroying  the  truth  of  the  circle  by  a  lap  joint ;  and  then  either 
to  add  strengthening  rings  of  T  '  iron  for  securing  the  tube 
against  collapse,  or  to  flange  the  plates  outwards  at  the  transverse 
circular  seams.  By  also  taking  care  to  secure  elasticity  in  the  end 
plates,  and  to  leave  sufficient  water  space  between  the  flues  and 
the  shell  of  the  boiler,  the  contest  between  them  &om  difference  of 
expansion  was  so  far  diminished  as  to  be  practically  harmless, 
especially  when  the  length  of  the  boiler  did  not  exceed  28  feet ;  and 
the  boiler  should  be  so  set  that  the  flame  passed  flrst  under  the 
bottom,  after  leaving  the  furnace  tube,  and  last  along  the  sides. 
With  this  mode  of  construction  the  thickness  of  the  plates  forming 
the  flues  might  safely  be  reduced  from  the  present  ^  inch  or 
7-16thB  inch  to  3-8ths  inch,  or  even  to  ^  inch  if  steel  plates  were 
employed  for  the  purpose ;  by  this  means  the  flues  would  be  rendered 
lighter  and  less  rigid  in  the  longitudinal  direction,  and  the  thinner 
plates  would  be  less  liable  to  become  overheated,  in  consequence  of 
their  conducting  the  heat  more  rapidly  to  the  water.  Lancashire 
boilers  constructed  in  this  manner  could  be  safely  guaranteed 
from  year  to  year  to  continue  in  regular  working  without  risk 
of  explosion;  whilst  the  plain  cylindrical  boilers  and  other 
boilers  fired  externally  might  be  considered  liable  to  risk  from  day 
to  day. 

The  important  conclusion  therefore  derived  from  the  inspection 
of  boilers  in  working  and  the  investigation  of  all  cases  of  explosion 
was  that  boiler  explosions  were  not  unaccountable,  but  originated 
always  in  some  simple  cause  ;  and  their  prevention  was  not  beyond 
the  reach  of  engineering  science,  a  periodical  and  careful  inspection 
forming  an  essential  condition  for  attaining  the  desired  safety. 
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Mr.  G.  J.  Oallowat  referred  to  the  plan  whicli  had  been 
mentioned  of  strengthening  the  internal  flues  of  boileis  by 
transverse  conical  tubes,  placed  yerfcicaUy  or  obliqnelj  across  the 
flues,  so  as  to  form  a  communication  between  the  water  above  and 
below  the  flues.  This  construction  he  thought  had  some  advantages 
over  the  external  T  iron  strengthening  rings,  as  the  transverse 
tubes  not  only  strengthened  the  flues  against  collapse,  but  also 
greatly  facilitated  the  circulation  of  the  water  and  thus  produced  a 
greater  equality  of  temperature  throughout  the  boiler,  whereby  the 
contest  arising  from  the  unequal  expansion  of  the  flues  and  shell 
was  mitigated.  At  the  same  time  the  additional  heating  sur&oe 
afibrded  by  the  conical  tubes  increased  the  evaporative  power  of  the 
boiler ;  and  the  tubes  had  been  found  quite  satisfactory  in  woridng. 

Mr.  L.  Olbice  remarked  that  the  very  interesting  and  usefnl 
paper  which  had  been  read  would  be  fully  appreciated  by  all 
engineers,  particularly  as  it  contained  a  number  of  hints  based  upon 
the  practical  experience  acquired  by  the  author  from  an  extensive 
acquaintance  with  steam  boilers.  One  description  of  stationary 
boiler  which  had  been  alluded  to  in  the  paper,  but  had  not  come 
much  under  the  author's  practical  notice,  was  that  having  a  cluster 
of  small  vertical  tubes  suspended  over  the  Are,  for  the  purpose  of 
obtaining  the  greatest  possible  amount  of  heating  surface  immediately 
over  the  fire.  A  similar  construction  had  been  tried  some  years 
ago,  in  which  a  smaller  internal  tube  was  inserted  down  the  centre 
of  each  of  the  heating  tubes  for  the  purpose  of  ensuring  the 
requisite  circulation  of  the  water,  the  cooler  water  from  the  body  of 
the  boiler  passing  down  through  the  central  tube,  while  the  heated 
water  and  steam  rose  through  the  annular  space  between  the  two 
tubes.  It  was  found  however  that,  in  consequence  of  the  very  large 
extent  of  heating  surface  exposed  by  the  tubes  in  proportion  to  the 
quantity  of  water  contained  in  them,  the  current  of  steam  and 
water  issuing  from  the  top  of  the  annular  space  was  so  violent  as 
to  interfere  with  the  downward  stream  of  cooler  water  through 
the  central  tube.  This  was  now  obviated  by  making  the  central 
tube  trumpet-mouthed  at  the  top  end,  so  as  to  divert  the  ascending 
current  of  steam  and  water,  and  ensure  an  uninterrupted  entrance 
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of  the  cooler  water  into  the  central  tube,  whereby  a  constant  snpply 
of  water  was  maintained  over  the  whole  of  the  heating  snr&ce  of 
the  boiler.  The  result  of  this  arrangement  was  that  the'  boiler  was 
exceedingly  efficient  in  rapid  evaporation,  and  in  the  steam 
fire-engines  provided  with  these  boilers  steam  was  got  np  &om 
water  at  40®  or  60°  Fahr.  to  a  pressure  of  100  lbs.  in  7|  minutes. 
The  objection  that  had  been  urged  against  the  use  of  these  boilers 
for  ordinary  stationary  purposes  was  that,  on  account  of  the  very 
siiuJl  quantity  of  water  contained  in  them  in  proportion  to  the 
heating  8ur&.ce,  they  could  not  be  worked  with  so  much  safety,  as 
any  shortness  of  water  in  the  tubes  over  the  fire  would  cause  them 
to  become  burnt,  and  an  explosion  would  ensue.  This  difficulty 
however  was  readily  obviated  by  employing  a  much  larger  water 
space  when  the  boiler  was  used  as  an  ordinary  stationary  boiler, 
and  it  then  worked  just  as  well  as  other  boilers  containing  a  large 
reservoir  of  water.  One  of  these  boilers  was  now  used  at  the 
St.  Katharine's  Dock,  London,  in  connection  with  Sir  Wm. 
Armstrong's  hydraulic  machinery;  it  occupied  a  ground  space  of 
only  6|  feet  diameter  and  was  about  12  feet  high,  and  it  evaporated 
60  cubic  feet  of  water  per  hour,  which  he  believed  was  more  wdrk 
than  any  other  boiler  occupying  the  same  space  could  do.  In  this 
case  the  boiler  was  fed  with  the  water  from  the  dock,  which  was 
exceedingly  dirty  and  partially  salt,  and  it  had  been  doubtful 
whether  the  boiler  would  keep  clean  in  working.  It  was  found 
however  that  all  the  dirt  was  collected  with  the  scale  at  the  bottom 
of  the  water  jacket  provided  for  the  purpose,  which  surrounded  the 
firebox.  Such  a  boiler  might  be  pronounced  practically  safe  from 
explosion,  and  no  explosion  had  yet  occurred  with  any  of  the 
boilers  on  that  construction.  An  instance  had  occurred  however 
about  twelve  months  ago  with  another  of  these  boilers,  employed  at 
Messrs.  Siebe's  ice-machine  manufactory  in  London,  where  an 
explosion  or  collapse  of  the  internal  flue  must  inevitably  have  taken 
place  had  the  boiler  been  one  of  the  Cornish  type.  In  this  case  the 
height  of  the  water  in  the  gauge-glass  had  been  accidentally  mistaken, 
the  glass  being  thought  to  be  full  of  water  when  it  was  really  empty ; 
and  the   consequence  was    that    the    water    level   in   the   boiler 
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became  about  12  inchee  lower  than  the  tabeplate,  wben  the  iabea 
oyer  the  fire,  wHoh  were  made  with  their  bottoms  soldered  in, 
had  the  bottoms  of  some  of  them  burnt  ont,  and  thus  acted  as  aafeiy 
plugs,  causing  the  fire  to  be  put  out  and  thereby  preyenting  fiortfaer 
injury.  This  construction  of  boiler  he  therefore  beUeyed  to  be  not 
only  as  safe  but  eyen  safer  than  the  ordinary  Gomish  or  Lancaslure 
boilers. 

For  the  purpose  of  preyenting  oyer-pressure  of  steam  he  hul 
endeayoured  to  increase  the  readiness  of  blowing  off  with  the 
ordinary  safety  yalyes  by  increasing  the  inclination  of  the  fiice  of 
the  yaJye  seating  to  the  yaJye  spindle  from  the  ordinary  slope  of 
4iS°  to  GO'* ;  but  he  had  found  the  yalyes  had  a  great  tendencj  to 
stick,  and  in  some  instances  the  pressure  in  the  boiler  had  risen 
to  as  much  as  100  lbs.  per  square  inch  when  the  yalye  had  been 
set  to  blow  off  at  60  lbs.  He  had  also  tried  fiat-fiiced  safety  valves 
haying  an  annular  bearing  face  from  l-16th  to  l-8th  inch  wide, 
which  was  found  to  produce  an  improvement  in  preyenting  so 
great  an  excess  of  pressure  in  blowing  off.  The  improved  eafetj 
yalve  of  Mr.  Naylor  (see  Proceedings  Inst.  M.  £.  1865  page  220) 
he  had  found  to  be  yery  eflicient  in  preventing  oyer-pressure  of 
steam ;  and  on  a  boiler  evaporating  60  cubic  feet  of  water  per 
hour  one  of  these  yalves  of  2  inches  diameter  had  kept  the  steam 
pressure  £rom  rising  under  any  circumstances  more  than  1  lb.  above 
the  limit  of  70  lbs.  at  which  the  valye  was  set  to  blow  off. 

For  testing  boilers  he  thought  a  combination  should  be  adopted 
of  the  hydraulic  test  and  the  steam  test ;  and  for  this  purpose  he 
had  the  fire  lighted  and  thus  filled  the  boiler  with  boiling  water  at 
the  time  of  applying  the  testing  pressure  by  the  pumps,  whereby 
the  condition  of  the  boiler  under  the  test  was  made  to  correspond 
more  nearly  yrith  the  circumstances  of  actual  working. 

Mr.  Marten  remarked  that  the  particulars  which  had  just  been 
given  of  the  working  of  one  of  the  water-tube  boilers  having  a 
cluster  of  small  tubes  suspended  over  the  fire  went  to  confirm  the 
observations  made  in  the  paper  respecting  the  inconveniences 
attending  the  practical  working  of  these  boilers  for  ordinary 
stationary  purposes ;  the  water  space  being  so  small  in  proportion 
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to  the  very  high  evaporating  power  that  the  boiler  ooald  not  be  left 
unattended  even  for  a  few  minntes  without  risk  of  the  supply  of 
steam  becoming  deficient  and  injury  occurring  to  the  boiler  itself. 
Of  course  if  the  water  space  was  increased  to  the  same  extent  as  in 
ordm&ry  Cornish  or  Lancashire  boilers,  the  rapidity  of  evaporation 
would  be  proportionately  reduced,  and  would  no  longer  constitute 
as  at  present  the  principal  feature  of  these  water-tube  boilers.  With 
regard  to  the  different  constructions  of  boilers,  he  had  to  remark 
that  it  had  not  come  within  the  scope  of  the  paper,  as  a  record 
and  analysis  of  boiler  explosions,  to  recommend  any  particular 
construction  as  the  best  for  general  stationary  purposes ;  but  the  . 
preference  had  certainly  not  been  given  to  the  plain  cylindrical 
egg-ended  boiler,  the  disadvantages  of  which,  had  been  pointed  out 
in  the  paper ;  while  at  the  same  time  the  double*flue  or  Lancashire 
boiler  had  not  been  passed  over  without  a  strong  commendation  on 
account  of  its  many  important  practical  advantages. 

In  reference  to  the  covering  of  boilera,  it  had  not  been  suggested 
in  the  paper  that  they  should  be  left  uncovered,  but  a  roof  had  been 
strongly  recommended  as  the  very  best  covering.  As  regai*ded  the 
use  of  sand  as  a  covering,  it  would  be  remembered  that  at  a  former 
meeting  of  the  Institution  sand  had  been  recommended  for  the 
purpose  by  Mr.  Heniy  Marten  (see  Proceedings  Inst.  M.  E.  1856 
page  8)  ;  but  subsequent  experience  had  not  confirmed  the  favourable 
opinion  then  expressed,  and  some  boilers  that  had  been  covered  with 
sand  in  consequence  of  the  remarks  then  made  had  since  been  found 
so  much  injured  by  external  corrosion  that  their  tops  had  required 
renewal  after  only  five  years'  working.  Similar  corrosion  had  taken 
place  in  a  set  of  boilers  covered  with  ashes,  the  tops  of  which  had 
required  renewal  after  only  six  years'  working.  Other  instances 
of  the  extent  of  the  corrosion  both  with  sand  and  with  ashes  for 
the  covering  were  shown  in  the  specimens  exhibited  (Figs.  31  to 
34,  Plate  49).  The  internal  channelling  along  the  seams  of  a  boiler 
caused  considerable  trouble,  and  he  had  known  a  stationary  boiler 
grooved  along  every  seam  below  the  water  level  until  more  than 
half  the  thickness  of  the  metal  was  gone,  just  as  if  a  groove  had 
been  cut  out  of  the  plates  with  a  gouge. 
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No  reference  had  been  made  in  the  paper  to  locomotiTe  and 
marine  boilers,  because  bis  own  experience  bad  been  principally 
confined  to  stationary  steam  boilers. 

The  President  moved  a  vote  of  thanks  to  Mr.  Marten,  whicli 
was  passed,  for  his  valuable  paper,  and  the  great  amount  of  labonr 
he  had  bestowed  upon  its  preparation. 


The  following  paper  was  then  read  :■ 
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DESCRIPTION  OF  THE  BBMOVESTG  AND  REPLACING 
OF  THE  IRON  COLUMNS  IN  A  COTTON  MILL. 


Bt  Ms.  WILLIAM  FAIBBAIBN,  ov  Manchbsteb. 


The  improvements  that  hare  been  effected  in  the  machinery 
for  spinning  cotton  have  given  rise  to  new  conditions,  new  buildings, 
and  new  appliances,  to  meet  the  numerous  changes  that  have  taken 
place.  The  machinery  for  carding,  roving,  and  spinning,  has  been 
renewed  three  different  times  within  a  period  of  less  than  sixty 
years,  the  old  machines  having  been  three  times  removed  to  give 
place  to  others  of  a  more  improved  constmction.  The  old  narrow 
buildings  of  former  days  have  consequently  proved  unequal  to 
present  wants,  and  it  has  been  necessary  either  to  alter  the  old 
mills  to  suit  the  new  machinery,  or  to  build  new  ones.  The  latter 
plan  was  occasionally  preferred ;  but  more  frequently  the  spinning 
rooms  of  the  old  mills  were  altered  so  as  to  suit  the  new  mules, 
which  from  their  increased  number  of  spindles  had  to  be  fixed 
in  the  longitudinal  direction,  instead  of  transversely  as  formerly. 

Immediately  after  the  invention  of  the  mule  by  Crompton,  or 
about  the  commencement  of  the  present  century,  a  cotton  mill 
45  feet  in  width  was  considered  of  proper  dimensions  for  mules 
of  350  to  400  spindles.  Two  of  these  mules  were  looked  upon  for 
many  years  as  the  correct  number  for  one  man  to  work ;  and  this 
might  have  been  continued  for  a  longer  period,  but  for  the  invention 
of  the  self-acting  mnle  by  the  late  Mr.  Roberts  and  others,  which 
gave  a  new  impetus  to  the  spinning  process;  and  in  place  of 
400  spindles  as  formerly,  the  mnles  of  the  present  day  contain  from 
800  to  1000  spindles.  This  increase  in  the  length  of  the  mule 
feqnired  a  corresponding  increase  of  width  in  the  mill ;  and  hence 
ftrose  the  tower-like  form  of  modem  cotton  factories,  having  as 
much  as  90  to  100  feet  and  in  some  cases  120  feet  width. 
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In  the  construction  of  modern  mills  no  difficulty  exists,  as  they 
are  built  to  suit  the  machinery ;  whereas  in  adapting  the  old  narrow 
buildings  to  the  new  mules  it  was  necessary  to  remove  the  old 
mules  and  place  the  new  ones  in   the  opposite   or  longitadinal 
direction  of  the  mill.     In  mills  with  wooden  floors  this  was  easily 
accomplished  by  removing  one  row  of  columns  to  admit  a  pair  of 
mules  in  the  middle ;  but  in  fire-proof  buildings  constructed  with 
iron  beams  and  brick  arches  the  greatest  possible  care  was  necessary 
to  be  observed  in  effecting  the  desired  alteration,  as  illustrated  in 
the  case  forming  the  subject  of  the  present  paper,  where  90  to 
100  tons  of  arches  and  machinery  had  to  be  supported  on  two 
columns  in  each  bay  of  a  building  eight  stories  high,  the  mill  being 
kept  working  during  the  whole  time  the  alterations  were  going  on. 

The  objection  to  this  operation  on  the  part  of  the  proprietors, 
Messrs.  McConnel  and  Co.,  was  that  the  columns  could  not  be 
removed  without  cutting  them,  which  might  incur  the  danger  o{ 
the  whole  of  the  floors  above  being  "brought  down  by  the  run." 
Each  column  had  in  fact  to  be  cut  in  two,  taken  entirely  out,  and 
new  ones  substituted  at  the  required  distances  apart.  As  tlie 
particulars  may  be  useful  and  interesting,  the  writer  offers  tbe 
following  description  of  the  process  by  which  this  object  w&b 
success^Uy  accomplished  under  his  directions. 

In  Figs.  1  and  2,  Plate  56,  are  shown  longitudinal  and  tranfivene 
sections  of  the  mill,  which  is  eight  stories  high,  and  extends  for 
a  length  of  160  feet  along  Union  Street,  Manchester,  fronting  the 
Rochdale  Canal ;  it  runs  parallel  with  the  canal  as  far  as  Mnrray 
Street,  where  it  terminates  with  an  angular  wing  80  feet  long.  The 
width  of  the  mill  is  45  feet ;  and  this  was  originally  divided  into 
three  equal  spans  of  15  feet,  as  shown  by  the  dotted  lines  in 
Fig.  2,  by  two  rows  of  columns  carrying  the  cast-iron  beams 
which  support  the  transverse  brick  arches  forming  the  fire*proof 
floors.  The  distance  of  the  columns  apart  from  centre  to  centre 
in  the  longitudinal  direction  is  9  fl.  8  ins. ;  and  as  each  nnle 
requires  nearly  that  space  for  drawing  out  its  carriage,  the  original 
width  of  15  feet  between  the  pillars  transversely  was  too  small  to 
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admit  a  pair  of  mules  in  the  longitudinal  direction  down  the  middle 
of  the  room.  It  was  therefore  necessary  to  move  one  row  of 
columns  nearer  to  the  side  wall,  in  order  to  give  space  for  the  two 
centre  mules  to  work,  as  shown  at  A  in  the  transverse  section, 
Fig.  2.  The  other  mules  next  the  side  walls  had  quite  sufficient 
room,  with  the  addition  of  a  passage  B,  which  extended  along 
the  side  wall  the  whole  length  of  the  mill. 

In  the  process  by  which  these  alterations  were  effected  the  first 
consideration  was  how  to  support  the  ends  of  the  middle  beams  and 
arches  at  0  C,  Fig.  3,  Plate  57,  during  the  process  of  removing  the 
columns  from  under  them ;  and  also  how  to  support  the  middle  beam 
permanently  afler  the  columns  had  been  removed.  This  could  not 
be  done  simultaneously  throughout  the  mill  when  at  work,  as  it 
would  have  involved  a  very  heavy  expense  to  support  the  ends  of  all 
the  middle  beams  at  once,  with  their  superincumbent  weight  of 
90  tons  of  brick  arches  and  machinery  upon  each.  Moreover  it 
was  essential  that  only  one  pair  of  the  old  mules  should  be  stopped 
at  one  time,  and  only  during  the  operation  of  fixing  the  new 
columns  at  D  D  and  cutting  out  the  old  ones  at  C  C. 

The  first  thing  to  be  done  therefore  was  to  prepare  the  new 
columns  with  their  projecting  brackets  of  sufficient  length  to  reach 
beyond  the  ends  of  the  wall  beams,  so  as  to  support  the  ends  of  the 
middle  beams  at  C  G  after  the  old  columns  were  removed.  As  it 
was  impossible  however  to  remove  that  part  of  the  column  which 
went  through  the  beams,  it  was  necessary  first  to  fix  the  new 
columns  under  the  wall  beams  at  D,  and  subsequently  to  cut  out  the 
old  ones  progressively  as  the  work  advanced  from  one  end  of  the 
room  to  the  other.  The  brackets  on  the  new  columns  were  made 
to  project  to  about  the  same  extent  on  both  sides ;  but  as  they 
could  not  be  extended  the  whole  length  on  the  side  next  the 
original  columns  until  the  latter  had  been  cut  out  and  removed,  the 
bracket  intended  for  supporting  the  end  of  the  middle  beam  was 
left  12  inches  short,  so  as  to  leave  sufficient  space  for  attaching  the 
apparatus  for  cutting  out  the  old  column ;  and  a  loose  end  was 
afterwards  bolted  on,  as  shown  at  E,  Fig.  3,  Plate  57,  which  was 
made  to  fit  the  stump  end  of  the  old  column  after  the  column  had 
been  neatly  cut  off  and  removed. 
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Before  removing  the  old  colunms,  it  was  requisite  to  fix  the  new 
ones  and  make  all  the  floors  secure  from  bottom  to  top.     This 
wotdd  have  been  comparatively  an  easy  task  provided  the  new 
columns  had  gone  down  to  the  bottom  for  foundations;  hut  that 
was  impracticable,  as  the  two  bottom  rooms  which  contained  the 
preparation  machinery  were  not  to  be   disturbed:  the  six  floors 
above,  which  contained  the  mules,  being  those  only  that  required 
alteration.     The  base  of  the  new  line  of  columns  was  therefore 
supported  from  the  room  F  above  the  ground  floor,  Fig.  2,  so  as 
not  in  any  way  to  interfere  with  the  machinery  below.     Strong 
hollow  wrought-iron  beams  Q  were  fixed  immediately  under  the 
cast-iron  wall  beams  in  the  room  F,  and  upon  these  were  raised  the 
new  lines  of  columns  through  six  floors  to  the  top  of  the  mill.    One 
end  of  each  beam  Q  was  fixed  in  the  wall,  and  the  other  on  a  j 

casting  at  H,  Fig.  8,  which  embraced  the  column  and  transmitted 
the  weight  of  the  superincumbent  arches  to  those  below. 

The  new  columns  having  thus  been  fixed  «in  their  places,  the  , 

next  process  was  to  put  a  temporary  prop  under  the  middle  beam, 
to  support  the  arch  above  and  to  give  room  for  cutting  out  the 
column  before  the  loose  end  of  the  bracket  could  be  attached  for  the 
final  support  of  the  middle  beam.  In  this  way,  working  from  the 
top  story  downwards,  as  shown  in  Fig.  3,  the  process  of  cutting  oat 
the  columns  was  entirely  free  from  risk ;  for  instead  of  supporting 
the  whole  of  the  arches  in  two  bays  from  top  to  bottom  of  the  mill, 
only  those  of  one  floor  had  to  be  supported  at  one  time.  Thus  in 
succession  the  entire  line  of  the  old  colunms  was  cut  out  and 
removed,  and  the  whole  of  the  floors  of  the  six  uppermost  rooms 
were  placed  on  new  foundations. 

The  carrying  out  of  this  work  was  accomplished  by  Mr.  Andrew 
Ker ;  and  in  order  to  save  time  and  labour  the  apparatus  shown  in 
Figs.  4  and  5,  Plate  58,  was  devised  by  him  for  the  purpose  of 
taking  advantage  of  the  shafts  in  motion  for  cutting  out  the  columns 
with  great  rapidity  and  success.  The  apparatus  itself  consists  of 
two  cast-iron  cHps  K  embracing  the  colunm,  and  forming  a  table  £>r 
supporting  the  spur  wheel  L,  which  revolves  round  the  colunm  and 
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carries  the  cntier  J.  The  wheel  is  driven  bj  the  worm-shaft  and 
pnlley  M,  which  receives  motion  from  one  of  the  driving  shafts  N, 
Fig.  3,  in  each  room.  The  shank  of  the  cutter  is  screwed  to  receive 
the  ratchet-nnt  P,  and  by  means  of  the  finger  Q  the  cntter  receives 
the  required  advance  equivalent  to  the  thickness  of  the  cut  every 
time  the  ratchet  passes  the  finger.  The  screwed  shank  of  the 
cutter  J  is  planed  down  flat  on  the  top  and  bottom  sides,  as  shown 
in  Fig.  4,  so  as  to  hold  the  tool  from  turning  in  its  socket. 

By  this  means  the  column  was  quickly  cut  through  at  the  top ; 
and  the  width  of  the  cut  being  sufficient  to  allow  of  the  column 
being  then  canted  enough  for  drawing  the  head  from  under  the 
stump  end  cut  o£f,  the  column  was  lifted  out  of  the  socket  at  bottom 
and  removed.  The  loose  end  of  the  bracket  having  then  been 
inserted  with  two  strong  bolts,  as  shown  at  E,  Fig.  3,  the  end  of  the 
middle  beam  was  thus  supported  with  the  same  security  as  if  the 
original  column  had  never  been  disturbed. 


Mr.  Faibbaibn  remarked  that  the  operation  of  removing  the 
columns  as  described  in  the  paper  had  appeared  rather  hazardous  at 
first,  as  it  had  to  be  done  while  300  persons  were  at  work  in 
the  mill,  and  the  weight  of  the  iron  girders  and  brick  arches 
forming  the  floors  amounted  to  90  tons  altogether.  The  work  had 
however  been  performed  with  great  care,  taking  one  floor  at  a  time 
and  proceeding  from  th»  top  downwards;  and  he  believed  the 
building  was  quite  as  safe  now  as  before  the  alteration. 

The  Pbesident  moved  a  vote  of  thanks  to  Mr.  Fairbaim  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  road : — 
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ON  AN  IMPROVED  MODE  OF 
MANUFACTURE   OF  STEEL  TYRES. 


By  Mr.  JOHN  BAMSBOTTOM,  ov  Crewe. 


In  designing  the  mode  of  mannfactare  of  Steel  Tyres  forming 
the  subject  of  the  present  paper,  the  object  aimed  at  by  the  writer 
was  to  rednce  the  waste  of  material  in  the  process  to  so  small  an 
amount  as  to  leave  its  effect  insignificant  upon  the  cost  of  prodaction, 
and  upon  the  calculation  of  the  weight  of  ingot  reqTiired  for 
producing  a  tyre  of  given  dimensions.  Another  object  was  to 
reduce  the  time  of  manufacture,  thereby  reducing  the  proportionate 
cost  of  plant  by  turning  out  more  work  in  the  same  time. 

The  ingots  are  made  frgm  Bessemer  steel,  cast  into  the  monlds 
sbown  in  Figs.  1  and  2,  Plate  59.  They  are  in  the  form  of  a  cone, 
22  inches  diameter  at  the  base  and  22  inches  height,  the  comers 
at  the  base  being  rounded  off.  The  apex  of  the  cone  is  cut  off 
at  6  inches  diameter,  and  forms  the  opening  for  filling  the  monli 
This  is  the  size  of  ingot  for  making  a  5  feet  tyre,  as  shown  in 
Figs.  14  to  19,  Plate  Q7.  The  mould  is  made  of  cast  iron,  in 
two  parts,  jointed  round  the  bottom  ed^e,  and  the  upper  part  fitfl 
down  flat  upon  the  bottom  within  four  snugs,  and  is  held  there  by 
its  own  weight  alone  when  casting.  When  the  mould  is  filled,  the 
top  of  the  metal  is  covered  with  a  thin  plate  A,  and  the  neck  is  filled 
in  with  wet  sand  and  cottered  down  in  the  usual  way. 

To  prevent  the  cast-iron  mould  from  cracking  by  nneqnal 
expansion  whilst  the  steel  is  setting,  in  consequence  of  the  bottom 
of  the  ingot  being  more  rapidly  cooled  than  the  middle  portion,  the 
sides  of  the  mould  are  made  of  the  curved  form  shown  in  Fig.  h 
changing  in  thickness  from  4^  inches  thickness  at  the  bottom  to 
5 1  inches  in  the  middle,  and  thinning  again  to  2\  inches  at  the  neck. 
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The  bottom  is  4  inches  tHck  in  tbe  centre,  and  is  protected  from 
cracking  by  a  wrongbt-iron  hoop  B  shrunk  ronnd  the  onter  edge. 
The  centre  of  the  base  of  the  monld  is  made  of  fireclay,  by  inserting 
a  ping  G  into  a  tapered  hole  in  the  bottom,  to  prevent  the  cast-iron 
bottom  from  being  injured  and  burnt  away  by  the  stream  of  melted 
steel  when  poured  into  the  mould  at  the  top.  This  fireclay  plug  is 
readily  renewed  when  required,  being  made  from  the  worn  out 
tuyeres  of  the  Bessemer  converting  vessel. 

As  soon  as  the  ingot  can  be  removed  from  the  mould  it  is 
reheated  and  then  hammered  laterally  and  endways  in  the  manner 
shown  in  Figs.  3  to  6,  Plates  60  to  62.  The  hammering  is  done  by 
the  10  ton  horizontal  duplex  hammer  shown  in  the  drawings,  the 
two  hammer  heads  D  and  E  weighing  each  10  tons,  and  moving 
horizontallj  towards  each  other.  The  cone  is  first  hammered 
laterally  all  round  its  lower  edge,  as  shown  in  Figs.  3  and  5,  the 
object  being  to  consolidate  the  skin  of  the  metal  and  prevent  cracking 
during  the  subsequent  processes.  The  ingot  is  supported  during 
the  hammering  by  a  carriage  F  specially  constructed  for  the  purpose 
of  allowing  the  ingot  to  be  rotated  whilst  being  hammered.  This 
carriage  is  made  of  boiler  plate,  mounted  upon  a  cast-iron  base- 
plate G ;  BJid  the  base-plate  rests  upon  the  centre  bearings  J  J  below, 
upon  which  it  has  a  slight  rocking  motion,  allowing  the  ingot  to  be 
adjusted  between  the  two  hammer  faces,  so  as  to  secure  the  uniform 
action  of  the  hammers  upon  it.  The  hand-lever  H  H  connected 
with  the  base-plate  G  is  held  by  the  attendant  during  working,  for 
adjusting  the  position  of  the  ingot  between  the  hammer  heads.  In 
hammering  the  ingot  laterally,  the  two  wrought-iron  swage  blocks  1 1, 
Fig.  3,  are  attached  to  the  hammer  heads ;  and  a  small  turntable  E!, 
Figs.  3  and  5,  supports  the  ingot  at  the  top  of  the  carriage  F, 
allowing  it  to  be  rotated  horizontally  between  each  blow,  by  means 
of  a  fork  which  lays  hold  of  the  ingot  like  a  spanner.  This  turntable 
is  carried  on  a  vertical  centre  pin,  dropped  into  a  cast-iron  socket ; 
and*  it  is  lifted  out  when  the  side  hammering  of  the  cone  is 
completed. 

The  ingot  is  then  canted  over  on  its  side,  and  hammei'ed  in  the 
direction  of  its  axis,  as  shown  in  Figs.  4  and  6,  until  it  is  reduced  to 
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9  inches  height,  as  ahown  in  Fig.  15.     The  hammer  head  D,  wbich 
acts  upon  the  apex  of  the  cone  during  this  process,  is  narrower 
than  the  other  head,  and  has  the  effect  of  spreading  oat  tiie 
narrow  apex  more  effectually  than  wonld  otherwise  be  the  case. 
In  this  position  the  cone  rests  upon  the  fonr  rollers  L  L  and  M  M 
contained  in  the  body  of  the  carriage  F.     Two  of  these  rollers  MM, 
carrying  the  large  end  of  the  ingot,  are  10  inches  diameter  by 
9  inches  length  and  1  inch  tapered,  and  remain  fixed  in  positioiL 
The  other  two  rollers  L  L  are  9  inches  diameter  and  1|  inch  thick, 
and  are  carried  in  a  cast-iron  frame  which  slides  TerticaUy  within 
wronght>iron  guides,  and  is  supported  by  a  long  wrought-iron 
wedge  N,  Figs.  5  and  6.     This  wedge,  which  is  7  feet  10  inches  long, 
is  driyen  home  at  the  commencement  of  the  hammering,  and  is 
gradually  drawn  out  so  as  to  lower  the  supporting  rollers  by  degrees, 
and  accommodate  their  height  to  the  increasing  diameter  of  the 
centre  of  the  ingot  during  the  hammering.   The  rate  of  withdrawing 
the  wedge  N  is  regulated  by  the  attendant,  who  has  thus  complete 
facility  for  ac^usting  the  ingot  constantly  to  its  true  level  between 
the  two  hanuners  with  as  great  accuracy  as  if  he  were  holding  it  hj 
hand.    The  taper  in  the  two  fixed  rollers  M  M,  Fig.  4,  allows  for 
the  slight  increase  in  diameter  of  the  base  of  the  ingot,  which 
advances  downwards  towards  the  small  ends  of  the  rollers  as  the 
hammering  proceeds.     The  ingot  is  continuaUy  turned  round  upon 
these  rollers  during  the  hammering  by  means  of  ordinary  pinch 
bars. 

The  bloom,  which  is  now  in  the  form  of  a  flat  disc  22  inches 
diameter  and  9  inches  thick,  as  shown  in  Fig.  15,  Plate  67 ^  has  then 
a  hole  punched  in  the  centre  to  form  it  into  a  ring,  by  the  punching 
hanmier  shown  in  Figs.  7  to  10,  Plates  63  and  64.  This  is  a  5  ton 
vertical  hammer,  having  a  projecting  cone  O  upon  the  hammer  fisu)e, 
17  inches  length  and  12  inches  diameter  at  the  base,  with  a  rounded 
apex.  This  cone  is  of  cast  steel,  in  one  piece  with  the  hammer  &ce  P ; 
and  a  hole  is  first  punched  in  the  centre  of  one  side  of  the  bloom 
extending  nearly  through  its  thickness.  The  bloom  is  then  turned 
over  upon  the  anvil,  and  the  conical  punch  is  driven  through  from 
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the  other  side,  this  process  being  repeated  until  the  hole  in  the 
bloom  is  enlai^ed  on  both  sides  to  the  size  of  the  base  of  the  conical 
punch,  as  shown  in  Fig.  16.  The  flat  hammer  face  P,  which  is 
prolonged  on  each  side  of  the  pnnch,  as  shown  in  Fig.  7,  then  acts 
upon  the  bloom,  and  hammers  it  down  in  thickness,  the  bloom  being 
turned  round  horizontally  between  each  blow.  By  this  means  the 
bloom  is  brought  to  Bl  inches  diameter  and  5|  inches  thickness, 
with  a  centre  hole  11  inches  diameter  in  the  middle,  as  shown  in 
Fig.  17.  The  anvil  block  Q  is  made  with  a  hole  all  down  the 
centre,  large  enough  to  give  clearance  to  the  punch  in  its  lowest 
position,  as  shown  in  Fig.  9 ;  but  in  order  to  prevent  the  centre 
portion  of  the  bloom  from  being  driven  down  into  this  hole  at  the 
oonmienoement  of  the  work,  the  hole  is  at  first  contracted  in  size  by 
a  steel  ring  B,  Figs.  8  and  10,  dropped  into  a  recess  at  the  top. 
This  ring  is  afterwards  removed  when  the  punching  of  the  hole  has 
been  partly  completed  on  one  side  of  the  bloom. 

In  order  to  afford  facility  for  turning  the  bloom  over  quickly 
upon  the  anvil  of  the  punching  hammer,  a  swing  frame  8  is 
employed  having  two  centre  screw  pins,  which  seize  the  bloom 
a  little  below  its  centre  of  gravity.  These  screws  are  tightened  up 
by  hand  for  laying  hold  of  the  bloom,  and  after  it  has  been  turned 
over  they  are  slackened  back  again,  and  the  swing  frame  lies  on  the 
groand  out  of  the  way  duxing  the  hammering.  When  in  use  the 
outer  end  of  the  swing  frame  is  connected  by  a  chain  to  the  hammer 
head,  as  shown  in  Fig.  7,  so  that  the  frame  and  Moom  are  lifted  by 
the  hammer,  and  the  bloom  turns  over  by  its  own  weight,  thus 
requiring  no  crane.  During  the  hammering  the  bloom  is  turned 
roond  horizontally  upon  the  anvil  by  means  of  ordinary  pinch 
bars. 

The  next  operation  is  hammering  out  the  bloom  edgeways,  in 
order  to  enlarge  the  centre  hole,  which  is  done  npon  the  beck  anvil 
shown  in  Figs.  11  to  13,  Plates  65  and  ^.  The  side  of  the  anvil  T 
is  inclined  at  20^  to  the  vertical ;  and  the  beck  iron  U,  which  stands 
oat  at  81**  to  the  side^  projects  10  inches  and  is  11^  inches  diameter 
At  the  base.  The  bloom  is  rotated  vertically  between  each  blow  of 
the  hammer  by  means  of  a  pinch  bar  Y,  Fig.  12,  suspended  by  a 
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chain  from  the  top  of  the  hammer  framing.  After  the  hammering 
on  the  beck  is  finished,  the  bloom  is  laid  flat  on  the  top  of  the  anyil 
and  hammered  all  ronnd,  as  shown  in  Fig.  13,  whereby  the  slight 
increase  of  width  produced  bj  the  spreading  on  the  beck  is 
hammered  down  to  the  final  width  of  5f  inches,  as  shown  in  Fig.  18, 
Plate  67,  After  the  completion  of  each  process,  any  cracks  which 
may  appear  on  the  surface  of  the  metal  are  chipped  out. 

By  this  hammering  the  bloom  is  brought  to  34  inches  diameter, 
with  the  centre  hole  19  inches  diameter ;  and  it  is  then  finished  in 
the  circular  rolling  mill,  the  well-known  ingenious  invention  of 
Mr.  Both  well  Jackson,  one  of  the  Members  of  the  Institution,  which 
brings  the  bloom  to  the  form  and  dimensions  of  the  finished  tyre, 
ae  shown  in  Fig.  19,  by  rolling  it  at  the  same  time  both  outside  and 
inside  without  altering  the  width.  This  machine  completes  the 
rolling  of  the  bloom  into  a  finished  tyre  at  one  heat,  the  time 
occupied  being  about  5^  minutes  in  the  rolling  machine. 

The  whole  of  the  above  process  for  the  manufistcture  of  the  iyre 
is  effected  in  four  heats  after  the  original  casting  of  the  ingot,  which 
is  taken  from  the  mould  as  soon  as  the  metal  has  set,  and  is  then 
reheated  for  the  first  time  before  being  taken  to  the  horizontal 
duplex  hammer.  The  second  heat  is  in  preparation  for  the  punching 
of  the  centre  hole,  after  which  the  bloom  is  again  reheated  for  the 
beck  anvil ;  and  the  fourth  heat  is  for  the  final  rolling  of  the  tyre 
in  the  circular  rolling  mill.  When  the  arrangements  are  fnlly 
completed,  it  is  expected  that  the  number  of  heats  will  be  reduced  to 
three,  by  avoiding  the  necessity  for  the  present  second  reheating  of 
the  ingot  immediately  on  leaving  the  duplex  hammer ;  and  that  the 
red  heat  of  the  ingot  will  never  be  lost  from  the  time  of  casting  till 
its  completion  as  a  finished  tyre. 

As  an  illustration  of  what  can  be  accomplished  with  the  present 
appliances,  it  may  be  named  that  in  one  instance  the  metal  for 
making  six  steel  tyres  was  run  into  the  casting  ladle  from  the  large 
Bessemer  converter  at  6  6  a.m.,  the  rolling  of  the  first  tyre  was 
completed  at  10  15  a.m.,  and  the  last  tyre  at  11  17  a.m. ;  making 
only  5  hours  12  mins.  for  the  completion  of  the  whole  six  tyres. 
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This  mode  of  mannfacture  of  tjres  allows  of  all  the  material  in 
the  original  ingot  being  need  np  in  the  finished  tyre ;  a  very  trifling 
amionnt  of  metal  alone  is  pxmched  out  in  first  forming  the  centre 
hole,  and  the  material  is  afterwards  simply  displaced  laterally  and 
gradually  worked  outwards  from  the  centre,  as  the  hole  is  expanded 
from  the  beginning  to  the  end  of  the  process.  The  top  of  the 
conical  ingot,  instead  of  being  cut  off  as  a  crop  end  of  the  fall 
area  of  the  ingot,  as  in  the  ordinary  mode  of  manufacture  from  a 
parallel  ingot,  is  reduced  to  only  6  inches  diameter,  which  being  in 
the  centre  of  the  ingot  is  at  the  part  worked  through  by  the  punch, 
and  remains  at  the  inner  side  of  the  finished  tyre,  thus  avoiding 
any  risk  of  affecting  the  wearing  face  of  the  tyre.  As  another 
consequence  of  the  very  small  area  of  the  top  of  the  ingot,  the 
covering  plate  required  in  casting  is  so  small  and  so  thin  that  it  is 
lost  in  the  first  reheating  frimace  by  oxidation. 

The  saving  of  waste  of  material  in  this  mode  of  manufacturing 
steel  tyres  hsA  the  important  advantage  not  only  of  reducing  the 
cost  of  manufacture,  but  also  of  allowing  the  total  quantity  of  metal 
to  be  adjusted  beforehand  with  great  accuracy  for  the  required 
size  of  tyre.  Thus  the  5  feet  tyres,  the  size  to  which  the  dimensions 
of  ingot  previously  given  apply,  are  made  from  an  ingot  weighing 
8  cwts.,  and  the  weight  of  the  tyre  finished  from  the  rolls  is  a 
little  more  than  7}  cwts. ;  so  that  the  total  loss  by  reheating  in  the 
process  of  manufacture  is  only  8  per  cent.  The  required  weight  of 
ingot  can  therefore  be  calculated  and  provided  for  any  given  size  of 
tyre ;  and  the  form  of  the  ingot  with  the  small  area  at  top  ensures 
a  degree  of  uniformity  not  otherwise  attained  in  the  weight  of  the 
castings,  as  the  whole  extent  of  variation  possible  in  the  height 
of  the  ingot  cannot  cause  any  appreciable  difference  in  the  size  of 
the  finished  tyre. 

By  this  mode  of  manufacture  of  the  tyres  it  will  be  seen  that  a 
very  large  amount  of  work  is  put  into  the  ingot  by  the  successive 
hammerings,  before  it  enters  the  final  rolling  mill ;  and  the  effect 
of  this  in  the  writer's  opinion  is  to  cause  a  very  considerable 
improvement  in  the  quality  of  the  tyres,  rendering  the  metal  mild 
and  tough  in  a  remarkable  degree.      The  broken  tyre  that  was 
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exhibited  to  tlie  Members,  when  visiting  Grewe  yesterday,  required 
nine  blows  frora  a  weight  of  21 1  cwts.  fekUing  from  a  height  of 
22^  feet  to  break  it. 


Colonel  Kennedy  was  sure  all  the  Members  had  been  highly 
gratified  by  the  excellent  opportunity  afforded  them  on  the  prerions 
afternoon  of  witnessing  the  manu^ture  of  the  steel  tyres  at  the 
Crewe  Steel  Works,  and  seeing  the  very  admirable  manner  in 
which  the  whole  of  the  operations  were  there  carried  out  for  the 
manu&cture  of  locomotive  work,  together  with  the  many  important 
improvements  that  had  been  introduced.  From  the  very  valuable 
paper  that  had  been  read  it  would  be  seen  with  what  complete 
success  the  Bessemer  process  had  now  been  applied  to  the 
manufacture  of  tyres  ;  and  he  should  be  glad  to  know  some  farther 
particulars  respecting  the  durability  of  the  steel  tyres  in  comparison 
with  the  best  iron  tyres,  as  he  had  always  expected  the  materiftl 
produced  by  the  Bessemer  process  would  give  superior  resnltsto 
iron  for  such  purposes. 

Mr.  J.  L.  AsHBURT  remarked  that  it  appeared  from  the  pi^r 
that  attention  had  hitherto  been  confined  to  locomotive  tyres,  as  no 
reference  was  made  to  carriage  tyres ;  and  the  applicability  of  the 
steel  tyres  for  railway  carriages  and  wagons  must  of  course  depend 
upon  their  relative  cost  as  compared  with  the  present  carriage  and 
wagon  tyres  of  Yorkshire  iron  weighing  about  3J  cwts.  each  and 
costing  £22  per  ton.  At  the  present  time  there  was  no 
doubt  whatever  that  a  strong  feeling  prevailed  among  engineers  in 
favour  of  steel  tyres,  more  particularly  for  locomotive  engines  and 
tenders  ;  but  in  the  case  of  a  large  stock  of  as  many  as  15,000  or 
20,000  railway  carriages  and  wagons,  there  must  of  course  be  great 
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hesitation  in  adopting  the  Bessemer  steel  tyres  if  the  cost  were 
anything  like  as  much  as  that  of  the  cast  steel  tyres  made  of 
cmcible  steel,  costing  about  £35  per  ton.  It  was  not  any  question 
of  the  quality  of  the  steel  tyres  which  retarded  their  adoption  for 
railway  carriages  and  wagons,  but  solely  a  matter  of  redaction  of 
cost,  as  there  appeared  no  reason  to  donbt  that  the  steel  tyres  would 
have  an  advantage  in  durabiHty  over  the  present  iron  tyres.  At  the 
present  time  however,  both  in  tbis  and  other  countries,  it  was 
the  exception  and  not  the  rule  to  have  steel  tyres ;  and  a  very 
considerable  reduction  in  cost  must  take  place  before  steel  tyres 
could  be  generally  introduced.  There  seemed  some,  reason  to 
anticipate  such  a  reduction  in  the  course  of  a  few  years'  time,  as  far 
as  could  be  inferred  from  tbe  case  of  the  Bessemer  steel  rails,  the 
cost  of  which  had  originally  been  as  mucb  as  £18  per  ton,  but  was 
now  reduced  to  only  £12  per  ton.  Tbe  actual  mileage  of  the  steel 
tyres  in  comparison  with  iron  tyres  was  another  point  upon  which 
the  general  adoption  of  the  steel  tyres  would  depend,  and  this 
required  to  be  very  thoroughly  ascertained.  He  suggested  that  the 
adoption  of  steel  tyres  for  carriages  and  wagons  would  be  very 
materiaUy  accelerated  if  it  were  possible  to  combine  a  steel  face  with 
a  scrap-iron  back  in  the  tyres,  whereby  the  cost  would  be  greatly 
reduced  below  the  present  amount  of  £35  per  ton  for  steel  tyres, 
and  would  more  nearly  approximate  to  the  cost  of  £22  per  ton  for 
hest  iron  tyres. 

Mr.  Bahbbottoh  replied  that  he  had  great  reason  to  be  satisfied 
with  the  results  thus  far  obtained  from  the  adoption  of  the  Bessemer 
steel  tyres  for  locomotive  engines  and  tenders ;  he  had  become 
convinced  previously  that  this  material  was  the  right  one  and 
completely  safe  for  such  purposes,  having  himself  tested  it  in  a 
variety  of  ways,  both  for  axles,  piston  rods,  and  other  purposes ; 
and  he  had  therefore  felt  no  hesitation  in  recommending  that  the 
necessary  plant  should  be  put  down  for  producing  the  Bessemer 
Bteel  and  manufacturing  the  tyres,  having  satisfied  himself  that  a 
saving  would  be  efiected  by  the  use  of  the  steel  tyres,  and  that  it 
would  be  so  far  advantageous  to  manufacture  them  at  the  locomotive 
works  at  Crewe. 


194  MANUFACTURE   OF   STEEL  TYBES. 

In  the  prodncidon  of  the  metal  in  the  conyerfcing  yesBel,  he 
had  followed  Mr.  Bessemer's  instractions  yeiy  closely ;  bat  in  the 
enbeequent  treatment  of  the  bloom  he  had  departed  from  the  beaten 
track  by  introducing  the  horizontal  duplex  hammer,  together  with 
the  other  special  modes  of  roughing  down  th/»  tyres  into  shape 
before  rolling,  which  had  been  described  in  the  paper  and  seen  by 
the  Members  on  the  preyious  day,  whereby  the  amount  of  labour 
expended  upon  the  manufacture  of  the  tyres  was  much  reduced^ 
while  the  work  put  into  them  was  largely  increased  by  the  great 
amount  of  effectiye  hammering  that  the  bloom  underwent.  For  the 
suggestion  of  the  fireclay  plug  in  the  centre  of  the  bottom  of  the 
casting  mould  he  was  indebted  to  his  assistant,  Mr.  Webb ;  this  was 
found  yery  adyantageous,  and  he  thought  the  same  plan  might  be 
adopted  with  adyantage  in  other  moulds,  particularly  where  the 
melted  metal  had  to  fall  from  some  height  upon  the  bottom  of  the 
mould,  so  as  to  allow  of  that  part  of  the  bottom  being  readily  renewed 
when  it  became  worn.  In  reference  to  the  hammering  on  the  beck 
anyil,  an  improyement  was  now  being  made  which  he  expected 
would  supersede  the  beck  hammer  altogether,  and  reduce  the  time 
of  that  part  of  the  process  from  about  fifteen  minutes  as  at 
present  to  probably  not  more  than  about  two  minutes ;  the  whole 
operation  being  performed  by  a  machine  which  he  had  designed  for 
the  purpose.  The  present 'method  of  hammering  on  the  beck  iron 
had  first  been  brought  under  his  notice  by  Mr.  Allen  of  the  Bessemer 
Works  at  Sheffield,  to  whom  he  was  also  indebted  for  the  plan 
of  giying  the  plain  beyilled  edge  to  the  bloom,  as  shown  in  Fig.  18, 
Plate  &?y  for  forming  the  flange  of  the  tyre ;  and  it  was  found  in 
practice  that  this  plain  beyil  was  quite  sufficient  preparation  for 
making  the  flange  by  the  final  rolling  in  the  circular  rolling  mill} 
and  was  a  most  efiectual  means  of  obyiating  all  necessity  for  forging 
a  flange  upon  the  bloom  in  the  preyious  processes. 

With  regard  to  the  durability  of  the  Bessemer  steel  tyres,  he  was 
not  yet  in  a  position  fully  to  compare  them  with  the  best  Yorkshire 
tyres  and  Krupp's  cast  steel  tyres  from  actual  experience,  as  thej 
had  not  yet  been  at  work  long  enough  for  the  purpose ;  bat  judging 
from  the  known  durability  of  the  material  in  other  cases  he  had  no 
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doubt  tbat  the  new  tyres  would  last  for  a  very  much  longer  mileage 
than  the  best  Yorkshire  tyres,  and  if  not  actually  equal  to  Krupp's 
tyres  would  certainly  approach  them  very  nearly  in  durability.  He 
had  not  used  any  tyres  made  with  a  scrap-iron  back  and  steel 
wearing  face,  such  as  had  been  suggested,  and  had  not  yet  applied 
the  steel  tyres  to  carriages  and  wagons,  as  the  whole  productive 
powers  of  the  works  had  hitherto  been  fully  occupied  with  the 
manufacture  of  locomotive  tyres  alone ;  but  it  was  intended 
ultimately  to  carry  out  the  same  system  for  supplying  the  whole  of 
the  rolling  stock  with  the  steel  tyres.  For  securing  the  tyre  to  the 
wheel  a  number  of  modes  had  been  tried,  and  he  had  now  five 
different  methods  in  operation,  which  were  being  watched  in  order 
to  determine  the  best  plan ;  and  his  present  opinion  was  that  the 
ordinary  attachment  by  means  of  rivets  through  the  tread  of  the 
tyre  would  be  found  to  outlast  aU  the  others. 

The  great  object  which  he  had  had  in  view  in  adopting  the 
Bessemer  steel  for  tyres  and  carrying  out  the  mode  of  manu&cture 
described  in  the  paper  had  been  to  obtain  tyres  of  a  mild  quality  of 
steel,  which  could  be  thoroughly  relied  upon  for  safety  in  running, 
as  he  considered  it  was  of  primary  importance  to  look  very  closely 
to  the  question  of  safety  for  working  in  the  manufacture  of  every 
portion  of  railway  rolling  stock.  A  practical  proof  of  the  safety  of 
the  Bessemer  steel  tyres  was  furnished  by  the  iyre  exhibited  to  the . 
Members  at  Grewe  on  the  previous  afternoon,  which  had  required 
the  very  severe  treatment  described  in  the  paper  in  order  to  break 
it.  Another  of  the  tyres  had  been  even  more  severely  tested,  and 
the  value  of  the  test  would  be  readily  understood  by  all  in  the  habit 
of  working  steel.  This  tyre  was  a  defective  one,  which  had  been 
made  in  one  of  the  earlier  experiments  on  the  manufacture  of  the 
steel  tyres,  and  it  was  very  much  cracked  about  the  flange.  It  was 
first  tested  at  a  duU  red  heat  upon  the  ordinary  tyre-blocking  press 
by  hydraulic  pressure ;  and  this  failing  to  produce  any  perceptible 
stretching,  it  was  subsequently  heated  to.  &  bright  red  heat  and 
dropped  tight  upon  a  cast-iron  block,  and  then  suddenly  quenched 
with  cold  water  to  make  it  shrink  violently;  but  even  by  this 
treatment  the  tyre  was  not  broken,  though  it  was  stretched  about 
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f  inoli  in  circnmference.  From  these  refiults  lie  was  confident  tliat 
the  Bessemer  steel  tyres  of  this  mild  quality  were  much  better  and 
safer  than  the  beet  description  of  welded  iron  tyres ;  and  qnite  as 
safe  as  weldless  tyres  of  any  description,  whether  iron  or  steel, 
irrespective  of  the  mode  of  fastening  the  tyre  on  the  wheeL  The 
aim  in  adopting  the  Bessemer  tyres  had  not  been  ao  mnch  to  obtain 
the  highest  scientific  resnlts,  as  the  best  commercial  resolts, 
making  safety  in  running  the  first  consideration  and  keeping  also 
in  view  the  question  of  practical  economy ;  and  it  was  qnite  possible 
consequently  that  the  material  which  was  found  so  suitable  for  the 
tyres  might  not  be  so  well  adapted  for  other  first-dasa  engineeiing 
purposes  as  the  best  crucible  cast  steel. 

Mr.  F.  J.  Bramwell  remarked  that  the  test  which  had  been 
mentioned,  of  heating  one  of  the  steel  tyres  and  shrinking  it  on 
a  cold  solid  block  of  cast  iron,  would  be  fully  appreciated  as  a 
most  satisfactory  demonstration  of  the  thorough  safety  under  all 
circumstances  of  tyres  made  of  that  material  in  the  manner  described 
in  the  paper. 

Mr.  W.  Faibbaien  enquired  what  had  been  the  ezperienoe  in  tbe 
manufacture  of  the  Bessemer  steel  tyres  as  to  the  unifonnity  in  the 
quality  of  the  material  from  which  they  were  made.  The  difficulty 
attending  the  Bessemer  process  was  not  the  actual  production  of 
the  steel,  but  its  production  with  sufficient  uniformity  of  character, 
and  it  was  very  desirable  to  arrive  at  something  doeely  approaching 
to  practical  unifonnity.  The  practice  was  to  add  a  given  proportioa 
of  carbon  to  each  charge  of  metal  in  the  Bessemer  converting  vessel, 
in  order  to  convert  the  metal  into  steel ;  but  nevertheless  the  steel 
produced  by  this  means  did  not  always  bear  a  uniform  character.  In 
the  testing  of  iron  boiler  plates  and  ship  plates  he  had  found  such  a 
wide  variation  in  the  quality  that  some  had  doable  the  strength  of 
others ;  and  as  the  strength  of  any  structure  was  only  equal  to  that 
of  its  weakest  part,  it  was  very  desirable  that  uniformity  diould  be 
andved  at  in  the  manufieictare  of  iron  plates,  and  for  the  flame 
reason  this  was  equally  important  in  the  oaee  of  the  steel  tyres. 

Mr.  Bamsbottom  replied  thai  the  qnestian  as  to  the  aniforaiitjr 
of  quality  of  the  Bessemer  steel  was  a  very  important  one,  and  he 
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thonglit  it  could  now  be  fairly  met  by  the  results  of  experience. 
In  dealing  with  iron  there  was  a  wide  range  of  quality,  and  almost 
as  great  a  range  was  found  in  steel.  But  comparing  the  Bessemer 
steel  with  crucible  steel,  the  former  was  liable  to  a  less  extent  of 
variation  in  quality  than  the  latter,  while  the  gradations  of  quality 
were  as  clearly  discernible;  and  therefore  at  least  as  near  an 
approach  could  be  made  to  uniformity  in  the  quality  of  the  Bessemer 
steel  as  in  crucible  steel.  He  had  indeed  met  with  tyres  made  of 
crucible  steel  which  had  proved  so  hard  that  it  had  been  almost 
impossible  to  turn  them;  but  in  his  opinion  this  was  much 
less  ,likely  to  happen  with  the  Bessemer  steel.  In  the  case  of 
iron  plates  for  boilers  and  other  purposes,  uniformity  of  strength 
might  easily  be  ensured  by  rolling  the  plates  rather  larger 
than  was  required,  and  having  a  piece  cut  off  each  separate  plate 
and  tested ;  but  for  many  purposes,  such  as  girders,  he  thought 
plates  of  Bessemer  steel  would  be  safer  and  stronger  than  iron 
plates,  on  account  of  the  sofb  and  tough  quality  of  the  material. 
In  connection  with  this  point  too  little  attention  he  thought 
was  paid  to  the  change  of  form  occurring  under  strain,  as  a 
criterion  of  the  practical  value  of  any  material,  and  to  the 
amount  of  work  that  must  be  expended  in  producing  this  change 
of  form  before  fracture  could  be  effected.  An  illustration  was 
afforded  by  the  &ct  that  a  steel  bar  12  inches  long  and  requiring 
a  tensile  strain  of  15  tons  per  square  inch  to  break  it  might  be 
elongated  only  J  inch  before  breaking,  whilst  an  iron  bar  of  the 
same  length  and  requiring  only  half  the  tensile  strain  per  square 
inch  to  break  it  might  undergo  three  or  four  times  as  much 
elongation  before  breaking;  and  in  like  manner,  to  burst  a  bottle 
of  lead  by  hydraulic  power  would  require  more  work  to  be  expended 
in  pumping  than  to  burst  a  glass  bottle  of  the  same  dimensions ; 
and  the  case  was  similar  in  regard  to  strains  of  compression.  Thus 
a  material  which  was  the  weaker  in  respect  of  its  ultimate  breaking 
strain  might  in  one  sense  be  the  stronger ;  and  hence  the  value  of 
toughness  in  the  material  employed  for  such  purposes  as  girders  and 
boiler  plates. 

£  2 
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The  President  moved  a  vote  of  thanks,  which  was  passed,  to 
Mr.  Ramsbottom  for  his  paper,  and  for  the  excellent  opportumty 
afforded  to  the  Members  on  the  previous  afternoon  of  witnesaiiig 
the  whole  process  of  the  manufacture  of  the  steel  tyres  at  the 
Crewe  works. 


The  following  paper  was  then  read : — 
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ON  MACHINERY  FOR  THE 
PREPARING  AND  SPINNING  OP  COTTON. 


Br  Me.  JOHN  PLATT,  op  Ou)Ham. 


The  object  of  the  present  paper  is  to  trace  the  principal 
mechanical  steps  by  which  the  application  of  machinery  to  Cotton 
Spinning  has  been  developed,  and  which  have  led  to  the  completion 
of  the  present  elaborate  machines,  so  remarkable  for  the  perfection 
of  the  results  produced  by  them.  The  modem  machines  are  in  fact 
formed  of  a  combination  of  numerous  highly  ingenious  contrivances, 
which  have  been  successively  designed  to  meet  the  special  difficulties 
of  dealing  by  machinery  with  so,  delicate  and  irregular  a  material  as 
the  raw  cotton  fibre. 

The  process  of  spinning  involves  three  essential  and  distinct 
operations  :^ 

First,  Drawmg, — in  which  the  fibres  of  the  raw  material  are 
drawn  out  longitudinally,  so  as  to  lay  them  aU  parallel  with  one 
another  and  overlapping  at  the  ends ;  as  is  done  by  the  fingers  of  the 
hand  spinner  for  forming  a  continuous  sliver  out'  of  the  short 
fibres  lying  irregularly  in  the  bundle  that  is  tied  upon  the  distaff. 

Second,  Twisting^ — in  which  the  sliver  previously  formed  is 
twisted  into  a  roving  or  thread,  for  giving  it  longitudinal  tenacity 
by  increasing  the  lateral  friction  between  the  fibres ;  as  is  done  by 
the  hand  spinner  by  twirling  the  bobbin  on  which  the  portion  of 
thread  already  twisted  has  been  wound. 

Third,  Winding^ — in  which  each  portion  of  the  thread,  afler  it 
has  been  sufficiently  twisted,  is  wound  upon  the  bobbin. 

In  the  application  of  machinery  to  the  performance  of  these 
operations,  the  great  difficulties  experienced  have  arisen  from  the 
irregular  character  of  the  cotton  fibre  on  the  one  hand,  and  on  the 
other  from  the  unyielding  action  of  machinery,  which  has  to  take 
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the  place  of  tlie  delicate  feeling  of  the  fingers  in  hand  spuming, 
whereby  the  spinner  is  enabled  to  accommodate  the  action  continually 
to  the  variations  in  the  materiaL  It  is  a  point  of  special  mechamcal 
interest  however  to  note  at  how  early  a  period  in  the  application  of 
machinery  correct  ideas  were  developed  as  to  the  principles  of  action 
in  the  important  successive  steps  :  so  correct  indeed  that  they  have 
remained  unaltered  in  principle  to  the  present  time,  although  monj 
highly  ingenions  improvements  in  detail  have  subsequently  been 
efiected. 

It  appears  that  the  credit  of  the  first  invention  of  the  Spinning 
Machine  is  due  to  Lewis  Paul  in  1 738,  little  more  than  a  centoiy  ago, 
all  spinning  having  been  previously  done  by  hand.  In  his  first 
nuMihine  the  raw  cotton  was  passed  through  a  succession  of  pairs  of 
rollers,  each  pair  running  &ster  than  the  preceding,  so  as  to  draw 
out  the  sliver  of  cotton  longitudinally  to  any  degree  of  fineness 
required.  The  machine  thus  accomplished  only  the  drawing  process, 
leaving  the  sliver  so  formed  to  be  twisted  and  wound  afterwards  by 
hand.  The  great  feature  of  this  invention  was  that  the  important 
principle  of  drawing  by  rollers  running  at  difierent  speeds  was  thus 
established  at  the  outset,  to  supersede  drawing  by  the  fingers  in 
hand  spinning ;  and  this  mode  of  drawing  has  been  adhered  to  ever 
since  as  the  fundamental  principle  in  the  preparation  of  fibrous 
materiab  for  spinning. 

In  174S  Paul  further  invented  a  carding  machine,  for  oardii^  or 
combing  the  raw  cotton  in  preparation  for  the  drawing  rollers.  It 
consisted  of  a  number  of  flat  parallel  cards  fixed  upon  a  table  wiib 
spaoes  between  them ;  an^  the  teeth  of  the  cards  being  all  bent  in 
the  same  direction,  the  cotton  was  carded  by  being  drawn  over  them 
by  hand  by  means  of  an  upper  flat  carding  board  set  with  teeth  bent 
in  the  opposite  direction.  In  another  arrangement  this  flat  npper 
card  was  replaced  by  a  horizontal  carding  cylinder,  made  to  revolTe 
by  hand ;  and  the  lower  carding  table  was  made  concave  to  fit  the 
underside  of  the  cylinder.  When  the  cotton  was  sufiiciently  carded, 
it  was  taken  ofi*  each  card  separately  by  hand  by  a  needle-stick,  and 
then  connected  into  one  entire  roll  or  lap. 
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In  J.  758  Paul  farther  improved  liis  original  maoUne  by  rendering 
it  capable  of  performing  the  two  other  processes  of  twisting  and 
winding  requisite  to  complete  the  operation  of  spinning  by 
machinery;  and  he  constructed  a  spinning  machine  having  a 
circular  frame  containing  fifty  spindles.  The  cotton  was  drawn  by 
rollers,  as  in  his  previous  machine,  and  the  sliver  was  delivered  from 
the  rollers  to  a  bobbin  upon  each  spindle,  by  means  of  an  arm  or 
flier  fixed  upon  the  spindle ;  and  the  spindle  being  so  contrived  as 
to  go  faster  than  the  bobbin,  the  sliver  was  thus  twisted  into  thread 
by  the  flier,  before  being  wound  upon  the  bobbin. 

Although  the  two  mechanical  principles  which  have  formed  the 
basis  of  all  subsequent  spinning  machinery — ^namely  the  drawing 
rollers  running  at  diflerent  speeds  and  the  difierential  motion  of  the 
flier  and  bobbin — were  thus  originated  by  Paul,  it  does  not  app^r 
that  his  machines  were  ever  practically  successM ;  and  Arkwright's 
spinning  machine  in  1769,  shown  in  Fig.  1,  Plate  68,  appears  to 
have  the  merit  of  being  the  first  that  was  brought  into  successful 
operation.  This  machine  cannot  be  called  more  than  an  improvement 
in  detail  upon  Paul's,  as  the  principles  of  the  two  were  the  same ; 
and  it  is  difficult  to  imagine  that  Arkwright  had  not  seen  Paul's 
machine.  The  success  of  the  later  machine  may  be  attributed  to 
its  superiority  both  in  workmanship  and  in  the  material  employed, 
the  earlier  machine  having  been  composed  almost  entirely  of  wood. 

The  four  pairs  of  drawing  rollers  A  A,  Fig.  1,  were  made  of 
brass  and  steel,  and  geared  together  by  pinions ;  the  bottom  rollers 
were  covered  with  wood  and  fluted,  and  the  top  ones  were  covered 
with  leather,  and  pressed  down  upon  the  bottom  rollers  by  the 
weighted  cords  and  pulleys  B  B.  The  sliver  delivered  by  the  rollers 
was  then  twisted  into  a  yam  or  roving  by  the  flier  C,  and  wound 
upon  the  bobbin  D.  The  differential  motion  of  the  flier  and  bobbin, 
by  which  the  two  operations  of  twisting  and  winding  were  efiected, 
was  exactly  the  same  that  is  still  employed  for  the  same  purpose, 
only  the  motion  was  obtained  by  different  means.  If  the  flier  and 
bobbin  both  revolved  at  the  same  rate  and  in  the  same  direction,  no 
winding  would  take  place,  and  the  effect  would  be  confined  to 
twisting  the  sliver  into  a  roving.    On  the  other  hand  if  only  the 
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flier  rerolred  and  the  bobbin  were  stationarj,  all  tbe  motion  woiild 
wind  and  also  tvdst,  bnt  only  a  single  twist  wonld  be  put  into  the 
sliver  for  each  coil  wound  on  the  bobbin.     But  if  tbe  bobbin  rotates 
slower  than  the  flier,  the  winding  is  efieoted  at  just  so  much  dower 
rate  than  the  twisting  as  the  two  speeds  are  made  to  approxiinate. 
This  was  accomplished  in  Ark  wright's  machine  by  the  simple  means 
of  a  friction  break  upon  the  bobbin  D,  the  bobbin  being  loose  upon 
the  spindle  and  dragged  round  by  the  thi-ead,  whilst  the  flier  G 
was  fast  upon  the  spindle  and  driven  direct  by  the  driving  strap  fi 
below.     The  friction  break  to  retard  the  bobbin  was  made  by  a 
worsted  cord  passed  round  a  groove  in  the  whirl  F  at  the  bottom 
of  the  bobbin,  and  tightened  by  hand  to  the  required  adjustment 
by  a  screw  pin  securing  the  end  of  the  cord.     The  drag  pnt  npon 
the  bobbin  by  this  friction  break  also  put  a  stretch  upon  the 
roving,  and  caused  it  to  be  wound  tight  on  the  bobbin  in  sohd 
layers  instead  of  in  loose  coils.     In  the  arm  of  the  flier  C  were  fixed 
a  number  of  hooks,  under  which  the  roving  was  passed ;  and  the 
winding  on  the  bobbin  was  done  in  successive  steps,  by  stopping 
the  bobbin  and  shifting  the  roving  successively  from  one  hook  to  the 
next  on  the  flier,  as  no  idea  had*yet  been  originated  of  giving  the 
bobbin  a  vertical  motion  upon  its  spindle  so  as  to  guide  the  roving 
on  regularly  in  winding. 

In  1770  Hargreaves  invented  the  Spinning  Jenny,  shown  m 
Fig.  2,  Plate  68,  the  principje  of  which  is  identical  with  that  of  the 
present  spinning  machinery.  It  thus  presents  a  remarkable  instance 
of  a  correct  perception  respecting  the  best  mode  of  working  having 
been  attained  at  so  early  a  stage  in  the  application  of  machineiy  to 
a  new  purpose.  The  operation  of  spinning  into  threads  the  rovings 
produced  by  the  machines  already  described,  or  by  the  modem 
improved  machines  similar  in  principle,  comprises  the  two  processes 
of  twisting  and  elongating  the  roving  to  form  it  into  a  thread,  and 
then  winding  the  spun  thread  into  the  form  of  a  "cop"  upon  the 
same  spindle  by  which  the  spinning  or  twisting  has  been  performed. 
These  two  processes  still  continue  to  be  effected  in  essentially  the 
same  manner  as  in  Hargreaves'  spinning  jenny. 
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The  twisting  of  the  thread  is  effected  by  cansing  the  spindles 
G,  Fig.  2,  to  revolve,  as  thongh  for  winding  np  the  thread,  bnt 
allowing  the  thread  to  slip  off  the  free  end  of  the  spindle  once  in  each 
revolution.  For  this  purpose  the  thread  is  led  off  from  th^  top  end 
of  the  spindle  at  an  angle  so  much  greater  than  a  right  angle  that 
its  tendency  to  wind  in  a  spiral  brings  it  to  the  top  extremity  of  the 
spindle  in  each  revolution,  causing  it  to  slip  off  the  end  of  the 
spindle  at  each  successive  revolution ;  and  the  top  of  the  spindle  is 
shaped  conical  to  facilitate  the  slipping  of  the  thread  off  the  end. 
The  result  is  that  the  thread  is  twisted  one  turn  by  each  revolution 
of  the  spindle,  without  disturbing  or  interfering  with  the  portion  of 
spun  thread  already  wound  up  into  a  cop  on  the  lower  part  of 
the  spindle.  The  crossbar  J,  carrying  the  guiding  eyes  through 
which  the  several  threads  pass,  rests  at  each  end  on  a  carriage  that 
runs  along  the  side  framing  of  the  machine;  and  before  the 
commencement  of  the  spinning  by  tloB  spindles  G,  the  crossbar  is 
first  drawn  backwards  from  the  spindles  by  hand  through  about  one 
third  the  length  of  the  machine,  drawing  off  a  continuous  supply  of 
roving  from  the  bobbins  K  below,  which  are  free  to  turn  on  their 
bearings.  The  clasp  H  is  then  pressed  down  tight  upon  the 
crossbar  J,  holding  the  rovings  fast,  and  the  spindles  G  are  set  in 
motion,  twisting  the  lengths  of  thread  between  the  spindles  and  the 
crossbar ;  and  during  the  twisting  the  crossbar  is  gradually  drawn 
backwards  by  hand  to  the  end  of  the  machine,  thus  producing  the 
required  elongation  of  the  threads  by  tension  during  the  spinning, 
as  is  done  in  the  case  of  hand  spinning  by  the  weight  of  the  bobbin 
or  spindle  hanging  from  the  twisting  thread.  The  spindles  G  receive 
their  motion  from  the  drum  M  driven  by  the  driving  pulley  L,  which 
is  turned  with  the  right  haiid  by  the  handle  N,  while  the  lefb  hand 
draws  back  the  crossbar  J  by  means  of  the  handle  upon  the  clasp  H. 

When  the  crossbar  J  has  been  drawn  back  to  the  extreme  end  of 
the  machine  and  the  spinning  of  the  threads  has  been  completed, 
they  are  then  wound  up  on  the  spindles  by  depressing  them  all 
simultaneously  to  the  lower  portion  of  the  spindles  by  means  of  the 
"feller  wire"  O,  which  is  brought  down  upon  the  threads  by  the 
rotation  of  the  discs  P  P  in  the  direction  of  the  arrow.     The  rotation 
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of  the  discs  is  effected  by  tightening  the  cord  B  which  rans  along 
the  side  of  the  machine,  and  they  are  turned  back  again  by  a  counter- 
balance weight  for  raising  the  faller  wire  when  the  cord  is  released ; 
the  corfl  passes  round  three  horizontal  pulleys  on  the  top  of  the 
carrii^  S,  and  is  tightened  for  depressing  the  &ller  wire  hj  a 
transverse  sliding  movement  being  given  to  the  middle  pulley  by 
means  of  a  hand  lever,  which  is  worked  by  the  left  hand  whilst 
holding  the  clasp  on  the  crossbar  J.  The  threads  being  depressed  by 
the  £aller  wire,  the  further  rotation  of  the  spindles  now  causes  the 
threads  to  be  wound  up  in  cops  upon  the  spindles,  the  sliding 
crossbar  J  being  pushed  forwards  gradually  by  hand  as  the  winding 
proceeds,  until  it  again  reaches  the  spindles,  when  it  is  ready  for 
beginning  the  spinning  of  a  fresh  length  of  rovings.  Dunng  the 
winding  of  the  threads  already  spun  between  the  spindles  and  the 
crossbar  J,  this  length  of  the  threads  is  secured  and  separated  frcm, 
the  untwisted  rovings  beyond  the  crossbar  by  the  pressure  of  the 
clasp  H,  which  is  kept  pressed  down  tight  upon  the  threads. 

On  the  completion  of  the  spinning  however  of  each  length  of 
the  threads,  and  before  the  change  can  take  place  from  spinning  to 
winding,  it  is  necessary  first  to  unwind  the  short  spiral  of  thread 
extending  up  from  the  top  of  the  cop  previously  wound  to  the  top 
extremity  of  the  spindle.  This  spiral  is  unavoidably  formed  at  the 
commencement  of  the  twisting,  before  the  thread  can  reach  the 
point  where  it  ceases  to  wind  and  begins  slipping  off  the  end  of  the 
spindle  at  each  revolution ;  but  if  this  portion  of  thread  were  not 
entirely  removed  before  the  faller  wire  O  is  lowered  at  each  tame 
of  changing  from  twisting  to  winding,  an  irregular  and  looee 
accumulation  of  thread  would  take  place  upon  the  upper  end  of  the 
spindle,  spoiling  the  form  of  the  cop  and  interfering  with  the  proper 
slipping  off  action  in  twisting.  The  motion  of  the  spindles  has 
therefore  to  be  stopped  and  reversed  for  a  few  turns  when  the 
twisting  is  finished,  to  unwind  these  few  spiral  coils ;  and  this  was 
done  in  the  spinning  jenny  by  the  spinner  stopping  the  driving 
wheel  L,  and  then  giving  it  a  partial  turn  backwards  by  hand,  for 
^^  backing  off"  the  thread,  before  driving  forwards  again  for  winding 
the  thread  on  the  spindles. 
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This  backing-off  motion  and  the  faller  wire  are  identical  with 
those  now  in  use  in  the  modem  spinning  machines,  the  only 
difference  being  that-  they  are  now  made  self-acting.  In  winding 
the  cop  each  snccessive  layer  of  thread  is  so  regulated  that  a  conical 
form  is  given  to  each  end  of  the  finished  cop,  in  order  to  prevent 
the  thread  fA>m  getting  loosened  npon  it  at  the  ends  in  subsequent 
handling  ;  while  at  the  same  time  the  crossing  of  the  thread  in  the 
alternate  spiral  layers  gives  firmness  to  the  cop,  and  still  allows  the 
thread  to  be  afterwards  drawn  off  it,  when  required  for  use,  either 
by  slipping  off  the  end  as  in  a  shuttle,  or  by  unwinding  the  cop  on  a 
spindle.  In  the  spinning  jenny  this  shape  of  cop  was  obtained  by 
regulating  the  winding  of  the  thread  by  means  of  the  cord  B  acting 
upon  the  discs  P  P,  raising  and  lowering  the  fSsdler  wire  O  during 
the  winding  so  as  to  guide  the  thread  upon  the  spindle  as  required 
for  producing  the  desired  shape  of  cop.  The  some  shape  of  cop 
and  mode  of  g^ding  the  thread  on  are  still  adhered  to  in  the 
present  spinning  machines ;  but  the  whole  of  the  movemraits  are 
now  effected  entirely  by  self-acting  machinery. 

Further  improvements  in  the  preparatory  processes  of  carding 
and  roving  were  introduced  by  Arkwright  in  1775,  which  may  be 
said  to  include  the  principal  features  contained  in  the  carding  and 
roving  machines  now  used.  The  cotton  delivered  from  the 
preliminary  machine  was  formed  into  a  roll  or  lap,  for  supplying 
a  continuous  fleece  of  cotton  to  the  carding  cylinders,  the  carding 
operation  being  repeated  until  the  irregular  mass  of  fibres  in  the 
raw  material  had  been  combed  straight  and  laid  parallel  in  the 
fleece  of  cotton  with  a  sufficient  degree  of  uniformity  to  allow 
of  proceeding  to  the  subsequent  operations.  Comb-plates  worked 
backwards  and  forwards  by  cranks  were  also  added  for  combing 
off  the  cotton  in  a  continuous  fleece  from  the  '*  doffer  "  or  takingK)ff 
cylinder  of  each  of  the  carding  machines.  The  sliver  delivered 
from  the  last  carding  process  was  passed  between  a  pair  of  rollers 
for  the  purpose  of  consolidating  it  by  the  pressure  of  the  rollers 
after  the  loosening  action  of  the  doffing  comb-plate ;  and  it  was 
then  coiled  down  into  a  can. 
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The  doublliig  and  drawing  process  employed  at  this  stage  of  the 
manufacture  was  also  introduced  by  Arkwright  at  the  same  time, 
the  object  being  to  intermingle  the  fibres  more  completely  in  the 
sliver  and  thereby  render  it  more  uniform  in  quality,  ready  for 
twisting  into  a  roving.     For  this  purpose  two  or  generally  more  of 
the  slivers  from  the  carding  engine  are  passed  side  by  side  through 
a  series  of  pairs  of  drawing  rollers,  each  pair  in  succession  being 
made  to  run  faster  than  the  preceding ;  and  the  last  pair  of  rollers 
runs  as  many  times  faster  than  the  first  pair  as  there  are  slivers 
doubled  together,  so  that  the  single  combined  sliver  delivered  firom 
the  rollers  is  drawn  down  to  the  same  size  or  weight  per  foot  as  one 
of  the  original  slivers.     The  doubling  and  drawing  operation  ia 
usually  repeated  three  times,  and  the  ultimate  sliver  so  prepared  is 
then  ready  for  the  roving  frame,  in  which  it  is  again  drawn  and ' 
twisted  and  wound  upon  a  bobbin. 

In  the  roving  frame  Arkwright  now  effected  an  important 
advance  upon  his  previous  machine,  shown  in  Fig.  1,  by  introducing 
the  new  principle  which  has  since  been  adhered  to,  of  driving  the 
bobbin  and  the  spindle  independently  by  separate  motions,  instead 
of  letting  the  bobbin  be  simply  dragged  round  by  the  thread  as 
previously  described.  At  the  same  time  he  also  introduced  the 
conical  regulating  drum,  for  reducing  the  speed  of  the  bobbin  in 
proportion  as  its  diameter  was  increased  by  the  thickness  of  the  coild 
of  roving  wound  upon  it,  so  as  to  avoid  increasing  the  tension  upon 
the  roving  as  would  be  the  case  if  the  speed  of  the  bobbin  were 
uniform,  since  the  spindle  and  di^er  are  driven  always  at  a  constant 
speed.  This  mode  of  regulating  t]ie  speed  of  the  bobbin  by  a  conical 
drum  is  the  same  that  is  still  employed  in  the  modem  machineiy, 
with  modifications  only  in  the  mode  of  application.  There  appears 
reason  also  to  believe  that  the  rising  and  falling  motion  of  the  bobbin 
upon  the  spindle,  for  winding  the  roving  on  the  bobbin  in  regular 
coils  by  a  continuous  vertical  movement  of  the  bobbin,  was  also 
introduced  by  Arkwright  at  the  same  time,  although  no  description 
is  given  by  him  of  the  manner  in  which  this  was  accomplished ;  but 
in  the  drawing  illustrating  the  series  of  improvements  introduced  by 
him  at  that  period,  the  flier  upon  the  spindle  is  shown  with  a  single 
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eye  for  dolivering  the  roying  upon  the  bobbin,  instead  of  the  succes- 
sion of  hooks  fixed  on  the  arm  of  the  flier  in  the  previous  machine^ 
Fig.  1,  for  winding  the  roving  on  in  a  snecession  of  steps ;  and  a 
sufficient  space  is  also  lefb  in  the  drawing  for  allowing  the  required 
amount  of  vertical  movement  of  the  bobbin.  The  invention  of  this 
principle  of  lifting  and  lowering  the  bobbin  upon  the  spindle  during 
the  winding,  which  is  employed  in  all  the  present  machines,  has  not 
been  traced  by  the  writer  to  any  earlier  date  than  these  final 
improvements  introduced  by  Arkwright  in  1775. 

By  thus  making  special  machines  for  each  process  in  the 
preparation  of  the  material  for  spinning,  Arkwright  effected  a 
most  important  division  of  labour ;  and  the  factory  system,  already 
introduced  in  the  silk  mauTifacture,  became  rapidly  extended  in 
consequence. 


In  the  preparation  of  cotton  the  improvements  introduced 
from  time  to  time  in  each  particular  section  of  the  machinery 
employed  have  been  so  numerous  and  so  varied  that  only  a  slight 
reference  can  be  made  to  them  in  this  paper  under  their  respective 
heads,  in  the  hope  that  they  may  be  made  the  subjects  of  special 
papers  by  some  of  the  Members  at  future  meetings. 

Opening, — The  first  process  in  the  preparation  of  the  raw  cotton 
was  known  as  "willowing,"  and  took  its  name  from  the  willow 
switches  formerly  used  for  beating  or  opening  the  tufbs  of  cotton  by 
hand.  A  number  of  small  parallel  cords  were  stretched  tight  and  close 
together  on  a  horizontal  frame,  so  as  to  form  a  sort  of  table,  upon 
which  the  cotton  to  be  opened  was  laid ;  and  the  cotton  being  then 
beaten  with  switches  made  of  willow  rods  kept  smooth  for  the 
purpose,  the  fibres  of  the  cotton  remained  on  the  cords,  whilst  the 
sand  and  seeds  fell  through  between.  Some  of  the  best  descriptions 
of  sea-island  cotton  are  still  batted  in  this  way,  for  the  finest  counts 
of  yam.  Several  attempts  were  made  to  work  the  willow  beaters 
by  machinery,  but  they  have  all  been  superseded  by  opening  and 
scutching  machines  on  the  modem  principle,  having  revolving 
cylinders  to  act  as  beaters.     The  most  primitive  of  these  is  known 
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as  the  Oldham  Willow,  and  has  a  revolving  cylinder  about  36  inches 
diameter,  set  with  spikes  placed  in  parallel  rows,  and  revolving 
against  a  grid  of  bars  set  with  similar  spikes :  the  cotton  is  fed 
npon  the  grid  and  beaten  for  a  longer  or  shorter  time  according  to 
its  condition,  and  an  exhausting  fan  is  employed  for  taking  away 
the  sand  and  bits  of  dried  leaves  beaten  ont.  This  machine  is  now 
used  only  for  separating  hard  lumps  of  cotton  in  bales  packed  too 
tightly,  and  for  cleaning  cotton  waste  and  the  refuse  cast  out  by 
other  cleaning  machines. 

Eig.  3,  Plate  69,  shows  a  section  of  the  Cotton  Opener  in  use  at 
the  present  time  for  the  purpose  of  opening  out  the  fibres  of  the 
cotton  a^r  it  has  been  pressed  in  the  bales,  and  fbr  extracting  the 
sand,  dried  leaves,  and  other  impurities  imported  with  it,  the  object 
being  to  do  this  without  entangling  or  injuring  the  fibre.  The 
crude  cotton  from  the  bales  is  spread  by  hand  upon  the  endless 
travelling  lattice  A,  which  conveys  it  underneath  the  iron  guide- 
roller  B  with  longitudinal  ribs  on  its  surface  to  the  pair  of  fluted 
feed-rollers  C.  These  are  pressed  together  by  the  weighted  lever  D, 
and  deliver  the  cotton  to  the  picker  cylinder  E  set  with  twelve  rows 
of  teeth,  which  are  spaced  so  that  the  teeth  follow  one  another 
spirally  round  the  cylinder,  as  shown  in  the  plan,  Fig.  4.  The  tufls 
of  cotton  being  gripped  tight  between  the  rollers  O  are  caught  by 
the  tips  of  the  teeth  on  the  cylinder  revolving  in  the  direction  of 
the  arrow,  and  are  thus  torn  open  and  dashed  by  the  teeth  against 
the  circular  grid  F,  formed  of  angular  bars  set  with  spaces  between 
them,  which  allow  the  dirt  disengaged  by  the  beating  action  to  &I1 
through.  A  perforated  plate  G  forms  the  remainder  of  the  casing 
of  the  cylinder  on  the  underside,  allowing  the  dust  to  drop  through 
while  the  cotton  passes  over  it.  The  picker  cylinder  delivers  the 
cotton  against  the  teeth  of  the  beater  H,  which  has  four  rows  of 
teeth,  similar  to  those  on  the  picker  E.  Here  the  cotton  is  further 
beaten  and  passed  over  a  circular  grid  and  perforated  plate ;  and  the 
beater  cylinders  being  covered  in  at  the  top  by  a  sheet-iron  casing, 
the  current  of  air  produced  by  their  revolution  wafts  the  light 
fleece  of  cotton  forwards  over  the  straight  grid  J.  It  is  whilst  the 
cotton  is  thus   floating  in  the  air  that  the  heavier  impurities, 
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loosened  by  the  beaters,  drop  ont  and  fall  through  the  grid  J  into 
the  dnst  box.  The  cotton  then  passes  between  the  two  wire-gauze 
cylinders  E[,  which  serve  as  fine  sieves,  the  interior  of  the  cylinders 
being  exhausted  by  the  fan  L;  by  this  means  the  more  minute 
particles  of  dust  remaining  in  the  cotton  are  sifted  out,  and 
discharged  by  the  &n  through  the  aperture  M,  thereby  keeping  the 
rooms  where  the  machines  are  at  work  perfectly  free  from  dust.. 
There  is  thus  a  continual  deposit  of  impurities  taking  place 
throughout  the  whole  passage  of  the  cotton  througb  the  machinoi 
from  the  feed  rollers  G  to  the  wire  cylinders  K.  In  the  drawing 
only  two  beater  cylinders  E  and  H  are  shown ;  but  the  machines 
are  more  generally  made  with  four  cylinders,  for  cleansing  the 
cotton  more  effectually,  the  two  additional  beaters  being  provided 
with  four  rows  of  teeth,  the  same  as  the  second  cylinder  H.  From 
the  -wire  cylinders  the  loose  cotton  is  collected  again  and  consolidated 
into  a  fleece  by  the  fluted  stripping  rollers  I,  running  close  to  the 
cylinders  K  but  not  touching ;  and  these  deliver  it  to  the  travelling 
lattice  N,  which  discharges  it  ready  to  be  taken  to  the  next  process 
of  scutching,  a  lap  machine  being  sometimes  attached  so  as  to  form 
the  fleece  into  a  lap  or  roll  for  supplying  the  scutcher.  The  beater 
cylinders  E  and  H  run  at  about  1000  revolutions  per  minute ;  the 
feeding  lattice  A  travels  at  6  feet  per  minute,  which  is  also  the 
Bur&ce  speed  of  the  feed  rollers  C ;  and  the  surface  speed  of  the 
wire  cylinders  E,  the  stripping  rollers  I,  and  the  delivery  lattice  N 
is  60  feet  per  minute. 

Sowtching. '--The  Scutching  Machine  now  in  use  for  ftirther  beating 
and  cleansing  the  cotton  delivered  from  the  opener  is  shown  in  Fig.  5, 
Plate  70,  having  also  combined  with  it  the  Lap  Machine  for  forming 
the  fleece  of  cotton  delivered  from  the  scutcher  into  a  roll  or  lap. 
The  cotton  from  the  opener  is  supplied  to  the  scutcher  upon  the 
travelling  feeding  lattice  A,  and  in  order  to  produce  a  uniform  fleece 
for  the  further  processes  it  is  necessary  at  this  stage  to  regulate  the 
quantity  fed  into  the  scutcher,  which  is  effected  in  two  ways.  In 
feeding  by  hand  the  tedious  method  of  weighing  the  cotton  supplied 
has  to  be  resorted  to,  so  as  to  distribute  a  umfcrm  weight  of  oottoiL 
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over  each  foot  of  length  of  the  feeding  lattice,  which  together  iriih 
the  feed  rollers  C  is  driven  at  a  nniform  speed.  Bnt  in  the  improved 
mode  of  feeding  hj  laps  3,  supplied  from  a  lap  machine  in 
connection  with  the  opener,  the  top  feed  roller  is  allowed  to  rise 
and  fall  according  to  the  variations  in  the  thickness  of  cotton  fed 
in,  and  the  amount  of  its  vertical  movement  mnltiplied  hy  means  of 
levers  is  employed  to  regulate  hy  a  self-acting  arrangement  the 
speed  at  which  the  feeding  lattice  and  rollers  are  driven.  By  this 
means  an  almost  nniform  supply  of  cotton  is  fed  to  the  heater  H, 
which  is  composed  of  three  plain  hars,  as  shown  in  the  plan,  Fig.  6, 
and  is  driven  at  ahout  1250  revolutions  per  minate.  The  cotton  is 
beaten  as  before  against  the  circular  grid  F  and  perforated  plate  6, 
and  the  current  of  air  from  the  beater  wafts  it  forwards  over  the 
straight  grid  J  to  the  wire  cylinders  K  exhausted  by  the  &n  L,  the 
action  being  exactly  the  same  as  in  the  opening  machine.  The 
rollers  I  which  strip  the  dust  cylinders  deliver  the  fleece  to  a  set  of 
four  callender  rollers  O  placed  over  one  another,  so  that  the  cotton 
in  passing  through  them  receives  three  compressions,  which 
oonsolidate  it  into  a  kind  of  felt;  the  surfaces  of  the  caUender 
rollers  are  kept  clean  by  rubbers  of  iron  covered  with  flannel,  which 
are  pressed  in  contact  with  them. 

The  Lap  Machine,  for  coiling  the  fleece  into  a  roll  or  lap,  has 
two  fluted  driving  rollers  P  P  running  in  the  same  direction,  as 
shown  by  the  arrows ;  and  the  lap  resting  in  the  channel  between 
them  is  driven  by  contact,  and  wound  upon  the  iron  rod  B  guided 
in  a  vertical  groove  at  each  end.  For  tightening  and  closing  the 
coils  of  the  lap,  the  rod  B  was  weighted  in  the  former  machines  by 
a  heavy  weight  suspended  from  the  ends  of  the  rod,  and  it  was 
then  necessary  to  lift  the  whole  of  this  weight  at  each  time  of 
changing  the  lap ;  but  this  is  now  efiected  by  the  friction  break 
8  pressing  against  a  friction  wheel  on  the  shaft  T,  on  which  are 
pinions  gearing  into  the  vertical  racks  U,  and  these  racks  cany 
rollers  at  the  top,  bearing  down  upon  the  ends  of  the  rod  B  in  the 
lap.  By  this  means,  as  each  successive  coil  is  wound  upon  the  lap, 
the  break  S  slips  and  allows  the  lap  to  rise ;  and  when  the  lap  is 
completed  the  break  is  released  by  a  treadle^  and  the  racks  are 
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lifted  clear  by  the  handwheel  on  tlie  sbafl  T,  so  as  to  allow  the 
finished  lap  to  be  removed.  The  driving  pinion  Y,  from  which  the 
callender  rollers  0  receive  their  motion,. is  held  np  in  gear  by  the 
lever  W  supported  by  a  catch  ;  and  when  the  lap  is  finished  this 
catch  is  released  by  a  tappet  npon  the  pinion  X,  which  is  driven 
from  the  bottom  callender  roller,  the  speed  of  the  pinion  being  so 
*  reduced  that  one  revolution  of  it  corresponds  to  the  size  of  lap 
required  to  be  made.  The  catch  being  released  allows  the  driving 
pinion  V  to  fall  out  of  gear,  whereby  the  callender  rollers  O  are 
stopped  ;  and  the  lap  rollers  P  continuing  to  revolve  break  off  the 
fleece,  ready  for  removing  the  finished  lap  from  the  machine.  By 
changing  the  pinion  X  carrying  the  tappet,  the  size  of  lap  made  by 
the  machine  can  be  varied  as  desired. 

The  scutcher  shown  in  Fig.  5  is  a  single  machine,  and  it  is  usual 
to  pass  the  cotton  first  through  a  double  scutcher  of  similar 
construction,  but  having  a  second  set  of  feed  rollers  with  beater  and 
wire  cylinders,  running  at  a  higher  speed  ;  the  second  pair  of  wire 
cylinders  and  stripping  rollers  are  driven  three  times  as  fast  as  the 
first  pair,  so  that  they  deliver  a  fleece  of  one  third  the  thickness 
first  supplied  to  the  machine.  Three  of  the  laps  from  this  double 
scutcher  are  then  fed  into  the  single  scutcher  shown  in  the  drawing, 
as  at  B  B  B,  Fig.  5,  being  spread  upon  the  surface  of  the  feeding 
lattice  A  in  three  layers  on  the  top  of  one  another,  so  as  to  present 
to  the  feed  rollers  a  uniform  fleece  equal  in  thickness  to  that  fed 
into  the  first  scutcher.  By  thus  doubling  the  laps  the  fibres  are 
more  thoroughly  mixed,  and  the  fleece  is  thereby  made  more  uniform 
in  thickness. 

Scutching  machines  having  a  revolving  beater,  composed  of  two 
plain  bars  describing  a  circle  of  about  14  inches  diameter,  were 
introduced  about  1810;  and  these  machines  contained  also  a 
travelling  feed  lattice,  two  pairs  of  feed  rollers,  and  a  second 
travelling  lattice  for  conveying  the  beaten  cotton  underneath  a 
perforated  revolving  cylinder,  the  interior  of  which  was  ezhaus^d 
by  a  &n.  The  cotton  passing  through  this  machine  was  delivered 
in  a  loose  fleece,  and  a  few  years  later  a  lap  machine  was  added  for 
coiling  the  fleece  into  a  lap.    Other  improvements  have  gradually 
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been  introduced  up  to  the  present  time,  as  regards  both  design  and 
workmanship  :  the  cylinders  and  beaters  have  been  put  in  perfect 
balance,  so  as  to  revolve  steadily  at  the  high  speed  required,  and  the 
forms  of  teeth  on  the  cylinders  have  been  arranged  for  greater 
strength  and  greater  facility  of  construction ;  stronger  and  simpler 
gearing  has  been  employed,  improvements  have  been  made  in  the 
form  and  construction  of  the  bearings  of  the  beaters  and  other 
quick  revolving  shafts,  so  as  to  ensure  more  efficient  lubricatioii, 
and  air-tight  dust  boxes  have  been  added  with  m9veable  doors  for 
faciUty  of  cleaning;  and  the  self-acting  arrangements  have  be^ 
introduced  for  stopping  the  machine  when  a  giv^n  lengfth  of  fleece 
has  been  delivwed,  and  for  regulating  the  rate  of  feed  according  to 
the  thickness  of  the  cotton  supplied,  so  as  to  dispense  with  the 
previous  plan  of  weighing  the  cotton  in  feeding.  Thus  by 
successive  improvements  through  a  long  series  of  years  the 
difficulties  which  origfinally  presented  themselves  in  the  successful 
adaptation  of  machinery  to  cotton  cleaning  have  been  overcome ; 
the  cotton  can  now  be  perfectly  cleaned  without  injury  to  the  fibres, 
and  the  laps  are  produced  uniform  in  length,  breadth,  and  thickness 
of  fleece,  aud  so  thoroughly  felted  that  they  uncoil  at  the  carding 
engine  in  the  next  process  without  any  derangement  of  the  felted 
fleece. 

Carding, — In  the  carding  process  the  felted  fleece  delivered  hj 
the  lap  machine  of  the  scutcher,  with  its  fibres  crossed  in  all  direc- 
tions, is  combed  out  a  great  number  of  times  so  as  to  straighteii 
the  fibres ;  and  the  light  impurities  still  adhering  to  it  are  taken 
out,  such  as  short  fibres  and  bits  of  the  moss-like  covering  of  the 
seeds,  which  if  allowed  to  remain  in  the  sliver  produced  by  ihiB 
operation  would  give  a  roughness  to  the  yam.  For  making  coarse 
yams  one  carding  process  only  is  employed ;  but  for  finer  yams  the 
fleece  is  first  passed  through  a  *'  breaker"  carding  engine,  which 
p^forms  the  first  rough  carding,  and  the  slivers  delivered  by  this 
are  then  '*  doubled"  by  laying  together  a  large  number  of  sHvers, 
side  by  side  and  overlapping  one  another^  into  a  new  fleece,  so  as  to 
obtain  sufficient  thickness  and  breadth  of  material  to  allow  of  a 
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iiirtlier  carding ;  and  the  lap  formed  of  this  new  fleece  is  then  fed 
into  a  second  or  ''  finisher"  carding  engine.  As  many  as  96  slivers 
from  the  breaker  card,  each  drawn  out  of  a  separate  can,  are 
laid  together  hy  the  donbling  machine  into  a  single  fleece  for  the 
supply  of  the  finisher,  in  order  that  the  mixing  of  the  cotton  may 
be  more  thoroughly  effected,  and  more  perfect  uniformity  ensured 
in  the  sliver  delivered  by  the  finisher.  For  the  finest  qualities  of 
yam  the  finisher  card  is  itself  used  as  a  breaker,  and  the  sliver 
delivered  by  it  is  afterwards  combed  by  a  combing  machine. 

The  Boiler  and  Clearer  Carding  Machine  employed  at  the 
present  time  as  a  breaker  card  for  performing  the  first  carding  of 
the  fleece  is  shown  in  section  in  Fig.  7,  Plate  71 ;  and  consists  of 
a  main  carding  cylinder  A,  round  which  are  arranged  a  series  of 
pairs  of  isarding  rollers  or  "workers"  B  B  and  clearing  rollers  or 
"  strippers"  C  G.  The  surfaces  of  all  these  are  covered  with  cards, 
and  they  are  made  to  revolve  so  close  together  as  to  allow  the  tips 
of  the  card  teeth  just  to  clear  one  another.  The  cards  are  a  kind 
of  wire  brush  with  inclined  teeth,  as  shown  full  size  in  Fig.  9,  and 
are  made  of  staples  D  of  fine  steel  or  iron  wire,  ea/ch  about  3-8ths 
inch  long  and  3-lCths  inch  wide,  with  a  side  bend  in  the  middle 
of  their  length.  These  are  fixed  close  together  into  a  strip  of 
webbing  about  1|  inch  wide,  which  is  wound  tight  round  the 
cylindrical  rollers  in  a  continuous  spiral,  keeping  the  staples  pressed 
home  in  the  cloth  by  the  surface  of  the  cylinder,  so  that  they  have 
an  elastic  firmness  which  keeps  their  points  up  to  the  work. 
*  The  working  width  of  the  machine  is  about  40  inches  on  the 
card  teeth,  corresponding  with  the  breadth  of  the  fleece  in  the  lap  E 
by  which  the  carding  engine  is  fed.  The  unlapping  of  the  fleece 
is  performed  by  the  rollers  F  on  which  the  lap  rests,  and  the  fleece 
is  then  drawn  forwards  under  the  feed  roller  O,  and  delivered  to 
the  taker-in  roller  H  revolving  in  the  direction  of  the  arrow.  At 
this  point  the  carding  or  combing  action  commences,  the  fleece 
being  held  by  the  feed  roller  G  travelhng  at  the  slow  speed  of  o»ly 
about  f  foot  of  surface  per  minute,  while  the  taker-in  H  runs 
much  &ster,  at  about  800  feet  per  minute  surface  speed ;  and  the 
carding  teeth  on  the  taker-in  being  bent  forwards  in  the  direction 


214  COTTON    MACHINERY. 

of  motion,  the  points  of  the  teeth  strike  down  into  the  fleece  held 
by  the  feed  roller,  and  comb  out  the  fibres,  while  the  imparities 
separated  fall  to  the  ground.  The  fibrous  toils  of  cotton  are  carried 
round  on  the  underside  of  the  taker-in  to  the  main  carding  cylinder 
A,  which  revolves  in  the  same  surface  direction  with  a  speed  of 
about  1600  feet  per  minute.  The  teeth  of  the  carding  cylinder 
being  bent  forwards  in  the  direction  of  motion  sweep  off  the  cotton 
from  the  taker-in  teeth  inclined  in  the  same  direction  but  running 
at  only  half  the  speed,  and  cany  it  forwards  to  the  dirt  roller  J, 
the  teeth  of  which  face  those  of  the  carding  cylinder,  and  travel 
with  a  very  slow  motion  of  only  about  16  feet  per  minute.  The 
dirt  roller  thus  assists  in  combing  out  the  fibres,  and  holds  in  the 
interstices  of  its  wires  any  impurities  that  it  receives  from  the 
cotton,  which  are  carried  forwards  and  stripped  &om  it  by  a 
vibrating  comb,  so  that  they  accumulate  in  a  roll  on  the  upper 
surface  of  the  dirt  roller,  to  be  taken  away  by  hand  at  intervals. 

The  carding  cylinder  then  carries  the  cotton  forwards  to  the 
several  pairs  of  workers  and  strippers,  one  of  which  is  shown  to 
a  larger  scale  in  Fig.  8 ;  and  at  each  pair  in  succession  the  fibres 
undergo  a  further  combing  out  and  straightening.  The  motion 
of  the  teeth  of  all  these  pairs  of  rollers  is  in  the  same  direction 
as  that  of  the  adjacent  teeth  on  the  main  carding  cylinder,  as 
shown  by  the  arrows  in  Fig.  8,  but  at  a  much  slower  speed;  and  the 
teeth  of  the  strippers  0  are  inclined  forwards  in  the  direction  of 
motion,  while  those  of  the  workers  B  are  set  the  opposite  way  so  as 
to  present  the  points  of  the  teeth  facing  those  on  the  carding 
cylinder  A.  The  cotton  on  the  carding  cylinder  is  therefore  carried 
past  the  stripper  0  without  being  caught  by  its  teeth,  and  is  caught 
upon  the  teeth  of  the  worker  B  running  at  only  about  20  feet 
per  minute,  so  that  a  combing  action  for  straightening  the  fibres 
and  dividing  the  tufls  of  cotton  is  obtained  by  the  excess  of  speed 
in  the  carding  cylinder  running  at  the  high  velocity  of  1600  feet 
per  minute.  All  fibres  failing  to  pass  the  worker  B  are  carried 
round  upon  its  teeth  to  the  stripper  0,  which  runs  at  a  surfiice 
speed  of  about  400  feet  per  minute,  being  thus  intermediate  in 
j9peed  between  the  slow  worker  B  and  the  quick  carding  cylinder  A; 
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the  teeth  of  the  stripper  therefore  sweep  off  the  cotton  from  the 
worker,  and  are  themselves  stripped  in  the  same  way  bj  the 
carding  cylinder  running  at  the  higher  speed.  After  passing  the 
six  pairs  of  workers  and  strippers,  the  fleece  of  straightened  fibres 
is  taken  off  in  a  continuons  sheet  from  the  carding  cylinder  A 
by  the  doffer  K,  the  teeth  of  which  face  those  of  the  cylinder  and 
move  in  the  same  direction  but  at  a  much  slower  speed  of  only 
about  65  feet  per  minute  ;  the  fleece  thus  receives  a  further 
straightening  and  stretching  in  quitting  the  carding  cylinder,  and 
is  carried  round  on  the  underside  of  the  doffer  to  the  vibrating 
comb  I,  which  describes  a  short  arc  of  1|^  inch  vertical  motion 
and  is  driven  by  balanced  cranks  at  about  800  double  vibrations 
per  minute.  This  comb  strips  the  fleece  from  the  face  of  the 
doffer  in  its  down  stroke  and  clears  itself  in  rising ;  and  the  thin 
fleece,  of  the  full  width  of  the  machine,  40  inches,  is  then  gathered 
in  by  lateral  guides  to  a  width  of  6  inches,  and  Anally  into  a  smooth 
belWmouthed  round  funnel  L,  having  a  hole  only  ^  inch  diameter, 
through  which  the  contracted  ribbon  or  sliver  is  drawn  by  the  two 
pairs  of  drawing  rollers  M,  the  second  pair  running  one  half  fitster 
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than  the  first,  whence  it  passes  to  the  coiler  N  and  can  O. 

The  coiler  consists  of  a  revolving  plate  N  having  an  eccentric 
aperture,  through  which  the  sliver  is  passed  from  the  pair  of 
rollers  P  above  the  plate,  so  that  it  is  delivered  into  the  can  in 
circular  coils.  The  can  O  however  is  also  made  to  revolve  with 
a  slow  motion  in  the  opposite  dii*ection  to  the  coiler,  and  the  centre 
line  of  the  coiler  N  is  eccentric  to  the  axis  of  the  can,  whereby 
the  sliver  delivered  from  the  coiler  describes  a  succession  of 
hypocycloid  curves  in  the  can,  the  circles  of  sliver  being  laid  into 
the  can  so  that  the  outsidea  of  the  coils  touch  the  inside  of  the 
can.  The  sUver  thus  forms  coils  continually  crossing  one  another, 
so  that  the  can  is  filled  up  solid  throughout,  and  when  taken  to  the 
doubling  frame  the  coils  of  sliver  come  out  again  without  adhering 
to  one  another. 

The  Flat  Carding  Machine  employed  at  the  present  time  as  a 
finisher  card  for  performing  the  second  carding  operation  is  shown 

II  2 
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in  Fig.  10,  Plate  72  ;  and  consists  of  a  main  carding  cylinder  A,  as 
in  the  breaker  card,  bat  the  pairs  of  workers  and  strippers 
employed  in  the  first  carding  are  here  replaced  by  a  series  of  flat 
cards  DD,  connected  together  by  links  so  as  to  form  an  endless 
travelling  lattice.  The  lap  E,  formed  of  a  number  of  slivers  from 
the  breaker  card  laid  together  into  a  fleece  by  the  donbUng 
machine,  is  supplied  to  the  carding  cylinder  A  by  the  feed  roller  G 
and  taker -in  H,  in  the  same  way  as  in  the  breaker  card ;  and  the 
carding  cylinder  A  is  driven  at  the  same  speed  of  about  1600  feet  of 
surface  per  minute.  A  single  worker  B,  called  the  fancy  roller, 
with  a  stripper  C,  is  placed  immediately  beyond  the  taker^in  H, 
running  in  the  same  direction  as  the  adjacent  surface  of  the  carding 
cylinder  A ;  but  in  this  case  the  teeth  of  the  fancy  roller  B  are  bent 
forwards  in  the  direction  of  motion,  and  it  therefore  requires  to  be 
driven  at  a  higher  velocity  than  the  carding  cylinder,  and  has  accor- 
dingly a  surface  speed  of  2000  feet  per  minute.  It  thus  seizes  the  cotton 
from  off  the  teeth  of  the  main  carding  cylinder  A,  and  throws  it 
against  the  teeth  of  the  stripper  C  facing  those  of  the  fancy  roller ; 
and  the  fibres  having  thus  been  subjected  to  a  preliminary  carding 
are  again  swept  off  the  teeth  of  the  stripper,  moving  at  only  400  feet 
per  minute,  by  the  higher  speed  of  the  main  carding  cylinder  A. 

The  -cotton  is  then  carried  forwards  by  the  carding  cylinder  to 
the  series  of  flat  cards  D  D,  Fig.  12,  Plate  73,  which  are  made  of 
cast-iron  bars  faced  with  card  teeth,  as  shown  to  a  larger  scale  in 
Figs.  14  and  15  ;  these  extend  the  entire  width  of  the  machine,  and 
rest  at  each  end  upon  a  circular  guide  on  the  top  of  the  side  frames  of 
the  machine,  which  is  concentric  with  the  main  carding  cylinder  A,  so 
that  the  teeth  of  the  flats  are  kept  in  close  proximity  to  the  teeth  of 
the  carding  cylinder  during  the  whole  of  their  forward  traverse.  The 
teeth  of  the  flats  D  are  set  to  face  those  of  the  carding  cylinder  A, 
and  travel  forwards  in  the  same  direction  as  the  surfiuse  of  the 
cylinder,  but  at  a  very  slow  rate  of  only  1  inch  per  minute ;  and  the 
cotton  thus  undergoes  a  very  thorough  carding  and  straightening  in 
passing  the  twenty-one  cards  that  are  always  in  contact  with  the  top 
of  the  carding  cylinder.  The  flats  are  arranged  to  work  at  a  slight 
inclination  to   the   surface  of  the   carding  cylinder,  so  that  the 
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delivering  side  of  each  flat  is  closer  to  the  cylinder,  and  a  wider 
space  is  left  at  the  entering  side  between  the  flat  and  the  cylinder 
for  the  cotton  to  enter,  as  shown  half  ftdl  size  in  Fig.  15.  The  angle 
thus  formed  is  called  the  bevil  of  the  flat,  and  the  correct  adjustment 
of  this  inclination  is  a  point  of  great  importance  and  delicacy ;  the 
bevil  is  obtained  by  cutting  a  bevil  groove  Q  in  each  end  of  the  flat 
at  the  part  where  it  is  to  rest  upon  the  circular  guide  on  each  side  of 
the  machine,  as  shown  enlarged  in  Figs.  14  and  15,  where  the  dotted 
circle  X  X  represents  the  edge  of  the  guide  on  which  the  flat  travels, 
and  the  dotted  circle  Y  Y  indicates  the  surface  of  the  main  carding 
cylinder  A. 

The  endless  lattice  of  flats  DD  is  carried  over  the  three 
shafts  P  P  P,  and  on  quitting  the  carding  cylinder  A  each  flat  in 
tnm'is  stripped  of  any  fibres  or  impurities  adhering  to  it  by  the 
vibrating  comb  B,  which  describes  an  arc  of  1  inch  and  is  driven  at 
the  rate  of  40  double  strokes  per  minute  by  the  cam  S,  Fig.  13. 
The  flats  are  farther  cleaned  by  the  brush  T,  shown  in  plan  in 
Fig.  11,  running  at  a  surface  speed  of  50  feet  per  minute;  and  they 
are  then  passed  over  a  guide  U,  which  holds  them  up  against  an 
emery  wheel  Y  running  at  the  high  speed  of  550  feet  per  minute  and 
traversing  across  the  machine  along  the  length  of  the  flats,  whereby 
the  faces  of  all  the  cards  are  successively  ground  to  a  true  surfiice 
whilst  afc  work,  and  the  points  of  the  wires  sharpened.  The  same 
mode  of  grinding  is  also  employed  for  keeping  true  the  surfaces  of  the 
carding  cylinder  and  dofler.  The  fleece  of  straightened  fibres  is  taken 
off  in  a  continuous  sheet  from  the  carding  cylinder  by  the  dofler  K 
and  vibrating  comb  I,  and  is  contracted  into  a  sliver  and  coiled  down 
into  the  can  O  in  the  same  manner  as  previously  described. 

In  Arkwright's  improved  form  of  the  early  carding  engine  the 
upper  portion  of  the  carding  cylinder  was  covered  over  by  a  series  of 
bars  of  wood  called  "  top  flats,"  the  underside  of  which  was  covered 
with  card  teeth  facing  the  teeth  of  the  cylinder.  These  flats  were 
stationary,  held  in  their  places  by  pins  fixed  in  the  framing,  and  were 
adjusted  to  the  required  bevil  by  two  set-screws  at  each  end ;  and 
they  were  lifted  off  and  stripped  of  their  refase-  by  hand  cards  at 
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intervals.  The  stripping  by  band  labour  however  was  an  nnheslihy 
and  disagreeable  process ;  and  as  bad  work  and  spoiled  cotton  were 
the  oonsequence  whenerer  it  was  not  done  regularly  and  thoroughly, 
many  arrangements  have  been  introduced  from  time  to  time  for 
stripping  the  flats  mechanically.  In  this  direction  Messrs.  Buchanan 
of  Catrine  and  Mr.  Bodmer  of  Manchester  led  the  way,  although  the 
machinery  employed  by  them  was  never  generally  adopted.  Within 
the  last  few  years  however  a  much  simpler  mechanism  for  this  work 
has  been  introduced  by  Mr.  Wellman,"  an  American,  the  application 
of  which  has  received  a  great  stimulus  from  the  difficulty  of  obtaining 
men  to  perform  the  stripping  by  hand ;  and  it  is  now  extensively 
used.  Metal  flats  were  introduced  by  Mr.  Smith  of  Deanston,  and 
these  were  linked  together  in  the  form  of  an  endless  lattice,  which 
was  made  to  travel  slowly  forwards  over  the  carding  cylinder;  and 
each  flat  was  adjusted  to  the  proper  bevil  by  two  screws  at  each  end, 
which  travelled  over  two  circular  gpiides  concentric  with  the  carding 
cylinder.  Another  short  flat  guide  at  the  back  of  the  flats  brought 
them  into  contact  with  a  stripping  brush,  which  was  cleaned  by  a 
comb,  and  the  comb  teeth  were  scraped  clear  by  a  tin  knife.  These 
fiats  were  used  in  several  of  the  Scotch  mills,  but  few  of  them  were 
introduced  into  Lancashire.  The  flat  carding  machine  was  further 
improved  by  Mr.  Evan  Leigh,  by  cutting  the  bevil  on  the  ends  of  the 
flats,  as  shown  at  Q  Q,  Fig.  14,  and  making  the  circular  guides  over 
which  they  travel  adjustable  for  wear ;  at  the  same  time  a  second 
&ce  was  formed  on  the  back  of  the  flats,  to  work  over  the  guides  U, 
Fig.  12,  which  hold  them  up  in  the  right  position  for  being  ground 
by  the  emery  wheel  Y ;  and  the  vibrating  comb  B  was  also  added  for 
stripping  the  flats  before  they  are  finally  cleaned  by  the  bmsh  T, 
instead  of  the  brush  alone  being  used  for  the  purpose. 

The  finisher  carding  machine  until  recently  was  constrocted 
without  the  taker-in  roller  H,  Fig.  10,  the  main  cylinder  taking  the 
fleece  direct  from  the  feeding  roller  G.  This  caused  the  fibres  to 
clog  the  cards,  and  any  impurities  passing  the  feed  roller  damaged 
the  teeth  of  the  main  cylinder,  which  was  of  serious  importance  on 
the  large  extent  of  surftice  of  the  cylinder.  By  using  the  taker-in 
however  these  evils  are  prevented,  the  fibres  being  delivered  to  ihe 
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carding  cylinder  in  a  more  divided  state,  and  more  equally  distributed 
over  its  snrfiice.  Carding  macliines  are  also  sometimes  made  which 
are  a  combination  of  the  breaker  and  finisher  card,  having  rollers 
and  clearers  on  the  side  of  the  cylinder  next  the  feeder,  and  flate  on 
the  side  next  the  doffer. 

The  practical  difficulty  originally  experienced  with  the  carding 
engine  consisted  in  getting  the  cards  to  work  sufficiently  near  to  one 
another  without  occasionally  coming  in  contact,  which  destroyed 
the  carding  points.  The  surfaces  on  which  the  cards  were  fixed  were 
generally  constructed  of  wood,  and  therefore  varied  with  every 
change  of  the  atmosphere  from  the  shrinking  or  swelling  of  the 
wood,  BO  that  the  faces  of  the  cards  had  to  be  made  true  each  time 
by  grinding  down  the  points  of  the  wires  at  the  full  parts.  Moreover 
the  cylinders  and  rollers  were  not  careftdly  constructed  so  as  to  run 
with  a  steady  motion;  and  the  fixings  for  carrying  the  different 
journals  were  not  capable  of  a  fine  adjustment,  nor  were  they  steady 
after  being  set.  These  defects  are  now  overcome  by  using  iron 
instead  of  wood,  and  by  the  aid  of  machinery  and  tools  adapted  for 
making  all  the  parts  accurately  ;  fine  adjustments  are  provided,  and 
the  adjustable  portions  are  made  as  firm  when  set  as  if  fixed.  These 
improvements  cause  less  grinding  and  stripping  to  be  required,  as 
the  finer  and  truer  the  points  of  the  wires  can  be  maintuned,  the 
clearer  the  cards  continue  in  working ;  and  thus  the  carding  engines 
have  now  been  brought  into  their  present  successful  and  extensive 
operation. 

Drawing, — The  slivers  firom  the  finisher  card  are  next  taken  to  the 
Drawing  Frame,  shown  in  section  in  Fig.  16,  Plate  74 ;  which  contains 
generally  four  pairs  of  drawing  rollers  A,  each  pair  running  faster 
than  the  preceding,  and  the  front  pair  running  at  six  times  the 
surface  speed  of  the  back  pair.  Six  slivers  B  in  separate  cans  from  the 
carding  engine  are  fed  up  together  to  the  back  pair  of  drawing  rollers, 
being  combined  together  by  passing  between  two  guide  pins  C ;  and 
after  beinglaid  together  and  drawn  out  to  six  times  the  original  length, 
the  single  sliver  so  produced  is  passed  through  a  funnel  to  the  pair 
of  callender  roUers  D,  by  which  it  is  delivered  to  the  ooiler  E,  and 


220  COTTON    MACHmERY. 

coiled  down  into  the  can  F  in  tlie  same  manner  as  in  the  carding 
machines.  This  combined  sliver  having  been  donbled  six  times  and 
drawn  six  times  is  the  sai^e.  weight  per  foot  as  each  of  the  original 
slivers  fed  up  to  the  back  pair  of  rollers ;  and  the  object  sought  in 
the  doubling  and  drawing  proces9^is  to  equalise  the  distribution  of 
the  cotton  fibres  and  produce  slivers  of  more  uniform  strength  and 
texture  bj  the  combination.  Th^  process  is  repeated  three  times  in 
this  machine,  and  the  extent  of  combination  or  intermixture  obtained 
in  the  ultimate  slivers  is  therefore  represented  by  the  cube  of  six 
or  216  times,  in  comparison  with  each  of  the  original  slivers  first 
supplied  to  the  machine. 

In  order  to  ensure  the  drawing  rollers  being  always  supplied 
with  the  full  number  of  six  slivers,  each  of  the  slivers  fed  up  to 
the  rollers  is  passed  over  a  guide  G,  turning  on  a  centre  pin  and 
nearly  balanced,  so  as  to  turn  with  a  slight  pressure ;  and  during 
the  working  of  the  machine  this  guide  is  depressed  by  the  weight 
of  the  sliver  into  the  position  shown  by  the  full  lines.     But  in 
the  event  of  the  sliver  breaking  or  running  out,  the  tail  of  the  guide 
being  overweighted  drops  into  the  position  shown  by  the  dotted 
lines,  and  catches  the  vibrating  finger  J,  which  is  worked  by  an 
eccentric  on  the  shaft  H  running  at  70  revolutions  per  minute. 
This  shaft  is  driven  at  the  end  by  a  small  crown  ratchet^clntch, 
held  in  gear  by  a  spiral  spring  behind  and  driving  by  Jibe  inclined 
faces ;  so  that,  whenever  the  shaft  H  is  stopped  by  the  tail  of  a 
guide  G  catching  one  of  the  vibrating  fingers  J  and  the  ratchet  is 
consequently  held  stationary,  the  clutch  is  thrown  out  of  the  ratchet 
by  the  inclination  of  the  teeth,  and  the  end  motion  thus  produced 
releases  a  catch  which  holds  the  strap  fork  of  the  machine;  the  fork 
is  then  reversed  by  a  spring  always  acting  upon  it  to  throw  off  the 
strap  from  the  fast  to  the  loose  pulley,  thus  stopping  the  machine. 
After  the  sliver  run  out  has  been  renewed  or  the  broken  sliver 
joined  up  by  the  attendant,  the  machine  is  set  in  motion  again  by 
moving  the  starting  rod  I  which  extends  the  whole  length  of  the 
drawing  frame. 

The    improvements    made    in    the    drawing   frame   since  its 
introduction  by  Arkwright  include,   amongst  other  details,  the 


COTTON    MACHINERY.  221 

consfcraction  of  the  roller  supports  so  as  to  be  easily  set  and 
adjusted  to  the  different  distances  required  to  suit  the  different 
lengths  of  cotton  fibre  worked ;  the  addition  of  the  self-acting  stop 
motion,  for  stopping  the  machine  when  any  one  of  the  slivers 
breaks  or  runs  out ;  a  simpler  mode  of  suspending  the  weights  from 
the  top  rollers;  and  the  use  of  an  endless  travelling  cloth  over 
the  surfaces  of  the  top  roUerSi  as  shown  in  Fig.  16,  for  cleaning 
off  the  waste  or  "fly"  from  the  rollers.  T]ie  top  rollers  are  also 
made  with  dead  spindles  and  loose  bosses,  the  bosses  being  driven 
by  independent  motions.  In  drawing  frames  used  to  prepare  slivers 
for  the  finer  counts  of  yarn,  an  additional  stop  apparatus  is  provided 
for  stopping  the  machine  whenever  a  breakage  of  the  sliver  occurs 
between  the  front  pair  of  drawing  rollers  and  the  callender  rollers  D, 
Fig.  16,  or  when  the  can  F  is  full  or  a  given  length  of  sliver  has  been 
deHvered ;  this  stop  action  is  worked  from  the  same  shaft  H  as 
that  employed  for  breakages  of  the  supply  slivers. 

Slvhhing,  Intermediate^  and  Moving, — The  slivers  delivered  from 
the  drawing  frame  are  conveyed  to  the  Slubbing  Frame,  into  which 
they  are  fed  either  single  or  double,  passing  over  a  guide,  like  that 
in  the  drawing  frame,  to  a  set  of  three  pairs  of  drawing  rollers ; 
the  last  pair  runs  at  five  times  the  speed  of  the  first,  so  that  the  sliver 
is  again  increased  in  length  five  times  in  passing  through  the  rollers. 
From  the  drawing  rollers  the  sliver,  now  called  "  slubbing,"  passes 
to  a  revolving  flier  carried  upon  a  vertical  spindle,  by  which  it  is 
twisted  and  then  wound  upon  a  bobbin  revolving  loose  upon  the 
same  spindle.  The  flier  runs  at  a  constant  speed,  while  the  bobbin 
is  driven  by  means  of  a  differential  motion  at  a  speed  varying 
according  to  its  increasing  diameter  as  the  slubbing  is  wound  on ; 
and  the  lifting  movement,  for  raising  and  lowering  the  bobbin  upon 
the  spindle  so  as  to  wind  on  the  slubbing  in  regular  coils,  is  also 
worked  by  the  same  differential  motion.  The  speed  of  the  flier 
is  500  revolutions  per  minute,  and  the  slubbing  is  delivered  from 
the  drawing  rollers  at  the  rate  of  50  feet  per  minute,  so  that 
the  number  of  twists  put  into  it  in  this  machine  is  |^  twist  per 
inch  of  length. 
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The  bobbins  from  the  slabbing  frame  are  next  supplied  in  pairs 
to  the  Intermediate  Frame,  in  which  the  slubbings  are  donbled  bj 
passing  two  of  them  together  through  a  set  of  three  pairs  of 
drawing  rollers,  and  then  twisting  them  into  one  bj  means  of  a 
flier,  and  winding  on  a  bobbin  in  the  same  manner  as  in  the 
slubbing  machine.  In  this  process,  **  intermediate "  between  the 
slabbing  and  rowing,  the  amount. of  drawing  produced  by  the  rollers 
is  5  times ;  and  1}  twists  are  put  into  the  doubled  slubbing  bj  the 
flier  per  inch  of  length  delivered  from  the  rollers. 

In  the  Roving  Frame,  shown  in  Fig.  17,  Plate  75,  the  contents  of 
two  bobbins  A  A  from  the  intermediate  frame  are  again  doubled, 
drawn,  and  twisted  as  before  ;  and  the  cotton,  now  called  "  roving," 
is  wound  upon  bobbins  ready  for  being  finally  spun  into  thread. 
The  extent  of  drawing  in  the  three  pairs  of  drawing  rollers  B  is 
6  times,  and  the  front  pair  runs  at  a  surface  speed  of  29  feet  per 
minute ;  the  flier  G  is  driven  at  900  revolutions  per  minute,  and  thus 
puts  2|  twists  per  inch  into  the  roving.  The  bobbins  A  A  sapplying 
the  cotton  for  the  rovings  are  fitted  upon  wood  spindles  called 
'*  skewers,''  pointed  at  the  lower  end  where  they  rest  upon  their 
bearings,  which  are  shallow  cups  made  of  glazed  earthenware; 
these  are  found  very  durable,  lasting  for  twenty  years  before  requiring 
renewal,  but  when  brass  or  cast-iron  bearings  were  previously  tried 
they  were  found  to  be  worn  through  in  as  many  months,  whilst  the 
skewers  made  of  lance  wood  were  but  little  worn.  The  spindles  D 
carrying  the  fliers  are  driven  by  skew-bevil  wheels  on  the  shafts  £ 
at  the  bottom  of  the  machine.  The  bobbins  F  are  loose  upon  the 
spindles,  and  are  driven  by  skew-bevil  wheels  on  the  shafts  G, 
carried  in  the  bobbin-lifter  H,  which  supports  the  bobbins  and  gives 
them  the  vertical  movement  on  the  spindles  D  for  winding  the 
roving  in  uniform  coils  from  top  to  bottom  of  the  bobbins. 

As  the  winding  is  effected  by  the  difference  of  speed  between 
the  bobbin  and  flier,  both  of  which  revolve  in  the  same  direction, 
the  speed  of  the  bobbin  may  either  exceed  that  of  the  flier,  or  the 
converse ;  and  both  plans  are  in  use  in  the  present  machines.  When 
the  bobbin  runs  in  advance  of  the  flier,  the  speed  of  revolution  of 
the  bobbin  has  to  be  gradually  diminished  as  its  diameter  increases 


COTTON    MACHINERY.  223 

by  each  succesBiye  layer  of  roving  wonnd  on ;  otherwise  the  delicate 
roving  would  be  irregularly  stretched  or  broken  by  the  relatively 
increasing  surface  speed  of  the  bobbin^  as  the  speed  of  the  drawing 
rollers  B  and  the  flier  G  is  required  to  be  constant  in  order  that  an 
equal  amount  of  twist  may  be  put  into  the  roving  throughout  its 
entire  length.  On  the  other  hand  when  the  bobbin  follows  the  flier, 
its  speed  of  revolution  has  to  be  gradually  increased  as  its  diameter 
increases  by  winding.  In  either  case  the  vertical  reciprocating 
movement  of  the  bobbln-lifiber  H  has  to  be  gradually  retarded,  to 
allow  a  longer  time  for  winding  each  successive  layer  of  roving 
upon  the  increasing  circumference  of  the  bobbin ;  and  the  length  of 
the  vertical  motion  is  also  diminished  at  each  reciprocation,  so  as 
to  g^ve  the  required  conical  form  to  the  ends  of  the  bobbin,  which 
is  effected  by  means  of  a  separate  shortening  motion. 

The  arrangement  employed  at  the  present  time  for  obtaining  the 
differential  speed  of  the  bobbin  and  bobbin-lifter  in  the  slubbing, 
intermediate,  and  roving  frames,  is  Houldsworth's  ingenious  and 
successful  Differential  Motion,  which  was  introduced  in  1826,  and  is 
shown  in  Fig.  18,  Plate  7Q.  It  consists  of  three  portions,  the  first 
of  which  is  driven  at  a  constant  speed,  and  drives  the  spindles  and 
fliers ;  the  second  is  driven  from  the  first  at  a  speed  varying  in 
proportion  to  the  increase  of  diameter  of  the  bobbins ;  and  the 
third  portion,  from  which  the  bobbins  and  bobbin-lifter  are  driven, 
receives  a  differential  motion  compounded  of  the  other  two,  and 
therefore  also  varying  with  the  increasing  diameter  in  winding. 
The  shaft  K  being  driven  at  a  constant  speed  by  the  driving  strap 
over  the  pulley  L  imparts  a  uniform  speed  to  the  spindles  and  fliers 
by  the  pinion  M,  which  is  fast  upon  the  shaft.  The  pinion  N 
'driving  the  bobbins  and  bobbin-lifter  runs  loose  upon  the  shaft,  and 
is  driven  through  the  differential  bevil  gearing  O  by  the  bevil  wheel  P 
keyed  upon  the  shaft  K.  The  two  bevil  wheels  0  O,  through  which 
the  differential  motion  is  obtained,  are  centred  in  the  disc  wheel  Q 
running  loose  upon  the  shaft  K.  If  the  disc  wheel  were  held 
stationary,  the  pinion  N  would  be  driven  through  the  wheels  0  0 
at  the  same  speed  as  the  wheel  P,  but  in  the  contrary  direction, 
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and  woTild  tberefore  driye  the  bobbins  at  tbe  same  speed  as  the 
spindles ;  but  if  tbe  disc  wheel  Q  were  made  to  revolve  upon  the 
shaft  K  at  half  the  speed  of  the  wheel  P,  but  in  the  contraxy 
direction,  the  pinion  N  driying  the  bobbins  wonld  ran  at  double  the 
speed  of  the  wheel  P.  If  therefore  the  disc  wheel  Q  be  driren  at 
an  intermediate  speed,  and  this  speed  be  also  made  to  vaiy  in 
proportion  to  the  increasing  diameter  of  the  bobbins,  the  pinion  N 
will  receive  and  impart  to  the  bobbins  and  bobbin-Hfler  a  differeniaal 
speed,  which  also  will  vary  in  the  ratio  of  the  diameter  of  the 
bobbins.  This  object  is  obtained  by  driving  the  disc  wheel  Q 
throngh  the  pair  of  regalating  cones  R  and  S,  which  are  parallel 
but  reversed  end  for  end  in  respect  to  each  other ;  tbe  first  cone  B 
is  driven  at  a  constant  speed  direct  from  the  shaft  K,  and  drives 
the  second  cone  S  throngh  the  strap  T,  which  is  made  to  travel 
gradually  from  one  end  of  the  cones  to  the  other.  Hence  the  disc 
wheel  Q,  which  is  driven  by  the  second  cone  S,  rons  at  a  vaiying 
speed  depending  upon  the  position  of  the  strap  upon  the  cones ;  and 
by  making  the  strap  travel  along  the  cones  at  a  rate  corresponding 
with  the  increasing  diameter  of  the  bobbins,  the  speed  of  revolntion 
of  the  bobbins  is  accurately  proportioned  to  their  diameter  so  as 
to  give  the  required  uniformity  in  sur&ce  speed  thronghont  the 
winding.  The  travel  of  the  strap  T  is  effected  by  a  rack  motion  I 
and  ratchet-wheel  J,  Fig.  17,  each  vertical  reciprocation  of  the 
bobbin-lifter  releasing  the  ratchet-wheel  J  one  tooth,  and  allowing 
the  strap  to  be  drawn  forwards  the  corresponding  distance  along  the 
cones  B  and  S  by  the  weight  W  constantly  acting  upon  the  strap-fork. 
In  the  case  shown  in  Fig.  18,  it  will  be  seen  that  the  speed  of 
the  first  cone  B  is  one  half  that  of  the  driving  shaft  K ;  and  i^e 
speed  of  the  disc  wheel  Q  is  one  fifth  that  of  the  second  cone  S,  and 
its  rotation  is  in  the  contrary  direction  to  the  driving  shaft  K 
The  diameters  of  the  cones  being  6  inches  at  the  large  ends  and 
8^  inches  at  the  small  ends,  wheii  the  strap  is  at  the  end  IT,  as  shown 
by  the  dotted  lines,  the  ratio  of  speed  of  the  disc  wheel  Q  to  the 
driving  shaft  Kis^X3:^x-i^  =  ^  nearly ;  that  is  the  disc  wheel 
makes  one  revolution  for  every  six  of  the  driving  shaft,  and  in 
the  contrary  direction ;  and  therefore  the  bobbin-pinion  N  makes 
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8  reyolntions  for  every  6  of  the  flier^pinion  M.  Similarly  when  the 
strap  is  at  the  end  Y  of  the  cones,  the  ratio  of  speed  of  the  disc 
wheel  to  the  driving  shaft  Kis4x^X-^  =  i>^  nearly ;  that  is 
the  disc  wheel  makes  one  revolution  for  every  sixteen  of  the  driving 
shaft,  and  in  the  contrary  direction;  and  therefore  the  bobbin- 
pinion  N  makes  18  revolutions  for  every  16  of  the  flier-pinion  M. 
Hence,  the  ratio  of  speed  of  the  bobbin-pinion  to  the  flier-pinion  is 
82  to  24  in  the  first  case  and  27  to  24  in  the  second ;  and  the  total 
reduction  of  speed  of  the  bobbins,  whilst  the  strap  travels  along  the 
entire  30  inches  length  of  the  cones,  is  5-32nds  or  16  per  cent,  of 
their  original  speed,  which  is  the  range  of  variation  required  to 
allow  for  the  increasing  diameter  of  the  bobbins  in  winding. 

The  differential  motion  affords  the  means  of  obtaining  this 
delicacy  of  adjustment  with  a  compact  and  easily  worked  apparatus ; 
and  by  virtually  magnifying  the  range  of  variation  required  avoids 
the  use  of  cones  with  too  small  a  taper  for  good  working.  The 
arrangement  shown  in  Fig.  18  is  for  the  case  of  the  bobbin  running 
in  advance  of  the  flier,  when  the  speed  of  the  bobbin  has  to  be 
reduced  as  its  diameter  increases  in  winding ;  and  the  action  of  the 
differential  motion  is  exactly  similar  in  the  converse  case  of  the 
bobbin  following  the  flier,  the  only  difference  being  that  the^  disc 
wheel  Q  must  then  be  made  to  rotate  in  the  same  direction  as  the 
driving  shaft  K,  instead  of  in  the  contrary  direction.  As  the  advance 
of  the  driving  strap  T  along  the  cones  is  a  uniform  amount  at  each 
reciprocation  of  the  bobbin-lifter,  the  driving  cone  B  requires  to 
be  shaped  with  a  concave  outline  and  the  driven  cone  S  with  a 
corresponding  convex  outline ;  since  the  absolute  increase  made  in 
the  diameter  of  the  bobbin  by  each  successive  layer  of  roving  bears 
a  continually  diminishing  ratio  to  the  increasing  diameter  of  the 
bobbin,  requiring  the  variation  of  speed  therefore  to  be  effected  also 
in  a  continually  diminishing  ratio. 

Arkwright's  Can  Frame  was  the  fljrst  machine  invented  of  the 
class  now  comprising  the  slubbing,  intermediate,  and  roving  frames 
above  described ;  it  consisted  of  a  row  of  revolving  cans,  into  which 
the  sliver  was  delivered  from  a  set  of  drawing  rollers  similar  to 
those  used  in  the  drawing  frame.     The  cans  were  driven  by  bands 
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passing  round  pulleys  at  the  bottom,  and  tbe  top  of  each  can  yns 
contracted  into  a  tabular  neck,  forming  a  bearing,  which  ran  in 
a  bnsh  in  the  framing  of  the  machine,  and  throagh  which  the  sHyer 
from  the  drawing  rollers  was  delivered  into  the  can  in  irregcdar 
coils.  There  were  three  or  four  pairs  of  drawing  rollers  in  tbis  can 
frame,  and  two  of  the  slivers  from  the  drawing  frame  being  fed  into 
the  rollers  were  doubled  and  drawn  into  one  of  about  eight  times 
the  original  length,  which  was«delivered  into  the  can ;  and  when 
the  can  was  fall  the  sliver  or  roving  was  taken  out,  and  wound  upon 
bobbins  by  a  separate  winding  machine.  As  the  sliver  was  merely 
delivered  into  the  can  of  the  can-frame  through  the  central  orifice 
at  fche  top,  it  did  not  receive  any  regalar  coiling  into  the  can,  and 
the  amount  of  twist  imparted  to  it  was  therefore  irregular ;  the  can 
made  about  100  revolutions  per  minute,  and  the  sliver  being  delivered 
from  the  rollers  at  about  16  feet  per  minute,  the  average  twist 
amounted  to  only  about  ^  turn  per  inch  of  roving.  Hence  the 
delicate  roving  was  liable  to  be  injured  in  being  conveyed  to  the 
winding  machine. 

The  next  step  in  improvement  was  made  by  substituting  spindles, 
fliers,  and  bobbins,  in  place  of  the  cans  in  the  can-frame ;  and  the 
spindles  and  fliers  being  driven  at  a  constant  speed,  the  differential 
motion  was  applied  for  driving  the  bobbins  and  bobbin-lifter  at  the 
varying  speed  required  by  the  increasing  diameter  of  the  bobbiiis. 
The  differential  speed  was*  obtained  by  means  of  a  cone  dram,  or 
friction  pulleys,  or  an  expanding  drum,  which  were  made  to  slide 
endways  upon  the  shaft  driving  the  bobbins,  the  distance  of  sliding 
being  regulated  by  a  ratchet-toothed  rack  with  a  paul  working  into 
it ;  the  teeth  of  the  rack  wore  cut  to  suit  the  fineness  of  the  roving 
to  be  wound,  and  hence  any  change  in  the  size  of  roving  made  for 
different  counts  of  yam  necessitated  a  change  of  rack.  This  was 
found  very  inconvenient,  and  was  at  length  obviated  by  the 
introduction  of  Houldsworth's  differential  motion  already  described, 
which  requires  only  a  single  rack  and  pinion  of  uniform  pitch,  with 
ratchet  wheels  of  varied  pitches  for  giving  motion  to  the  rack- 
pinion  ;  60  that  for  a  change  in  the  fineness  of  the  roving  it  is  only 
necessary  to  change  the  ratchet  wheel,  which  is  readily  effected  and 
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is  mncli  more  convenient  than  having  to  change  the  rack.  When 
this  form  of  the  dififerential  motion  was  first  applied,  one  cone  drum 
only  was  nsed,  with  counter  pulleys,  and  a  weighted  pulley  for 
keeping  the  strap  tight ;  hut  latterly  the  two  cone  drums  shown  in 
Fig.  18  have  been  used  instead,  made  with  corresponding  concave 
and  convex  surfaces  so  that  the  strap  continues  equally  tight  in  all 
positions.' 


Spinning. — The  final  operation  of  spinning  into  threads  the 
rovings  delivered  from  the  roving  frame  has  been  the  subject  of  so 
great  an  exercise  of  inventive  abilities,  and  has  undergone  so  many 
practical  improvements  in  detail  down  to  the  present  time,  that  it 
is  impossible  to  do  more  in  the  present  paper  than  notice  briefly 
the  more  important  steps  which  have  led  to  the  remarkable  perfection 
attained  in  the  self-acting  mules  now  employed  for  this  purpose. 

In  the  practical  working  of  Ark  Wright's  spinning  machine  and 
Hargreaves'  spinning  jenny,  Figs.  1  and  2,  Plate  68,  it  was  found 
that  the  rovings  and  threads  produced  wero  both  coarse  and 
uneven,  only  fit  for  the  manufacture  of  quiltings,  and  poorly 
adapted  even  for  that  purpose.  A  great  improvement  in  this  respect 
was  effected  in  1779  by  Samuel  Grompton's  spinning  machine  or 
''  mule,"  which  was  -a  combination  of  Paul's  or  Arkwright's  spinning 
machine  and  Hargreaves'  jenny,  combining  the  drawing  roller 
arrangement  in  the  former  with  a  modification  of  the  sliding 
crossbar  and  spinning  spindles  in  the  latter.  In  this  machine  the 
spindles  were  placed  in  a  moveable  carriage,  which  had  a  stretch 
or  run  of  about  54  inches ;  and  the  rovings  delivered  from  the 
drawing  rollers  in  a  soft  state  were  further  drawn  by  the  spinner 
in  palling  the  carriage  backwards  from  the  rollers,  and  completely 
twisted  by  the  receding  spindles,  ready  for  being  wound  upon  the 
spindles  during  the  run-in  or  return  traverse  of  the  carriage  and 
spindles.  In  the  spinning  jenny  each  successive  length  of  the 
rovings  was  held  by  the  clasp  on  the  sliding  crossbar,  and  the 
-stretching  of  the  rovings  was  done  entirely  by  drawing  back  the 
crossbar  by  hand  from  the  spindles ;  and  in  Arkwright's  machine 
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ihe  stretcluBg  was  performed  entirely  by  the  rollers:  bat  in 
Crompton*s  mnle  the  stretching  was  accomplished  partiallj  bj  the 
drawing  rollers,  when  the  carnage  and  spindles  began  to  recede 
from  the  roller  beam,  and  partially  by  the  continued  rnn-ont  of  the 
carriage  after  the  rollers  had  been  stopped.  The  rollers  were 
stopped  when  the  carriage  had  receded  nearly  the  length  of  its 
run,  and  they  then  acted  as  a  clasp  to  hold  the  threads  during  the 
completion  of  the  stretching  and  twisting. 

Crompton's  first  mule  contained  about  thirty  spindles ;  and  the 
threads  spun  by  it  were  &r  superior  in  regularity,  strength,  and 
fineness,  to  any  ever  spun  before.  They  realised  about  double  the 
prices  obtained  in  1743  for  the  same  counts  of  yam  spun  by  other 
machines,  and  must  therefore  have  been  very  superior  in  quality, 
having  been  produced  much  more  cheaply ;  and  in  ordw  to  show 
what  conld  be  done  with  the  mule,  small  quantities  were  spun  as 
fine  as  No.  80,  which  is  such  a  quality  of  thread  that  80  hanks  of 
840  yards  each  weigh  together  1  lb.  The  adoption  of  these  mules 
extended  so  rapidly  that  in  1811,  thirty-two  years  after  the  first 
Ivaa  made,  there  were  600  mills  containing  4,209,000  spindles 
working  on  this  plan,  and  only  310,500  spindles  on  Arkwright's 
plan,  and  155,900  spindles  on  the  spinning-jenny  plan. 

Many  of  the  principal  moyements  however  in  the  working  tf 
Crompton's  mule  still  required  to  be  perform^  by  hand  by  tiie 
spinner,  the  same  as  in  the  previous  machines.  This  was  the  case 
with  the  backing-off  motion,  and  with  the  working  of  the  two  fiiUer 
wires,  a  second  or  oounter-faller  having  now  been  added  underneath 
the  threads,  which  was  lifted  for  the  purpose  of  taking  np  the  slack 
in  the  threads  after  the  backing-off,  the  first  fiJler  being  depressed 
for  guiding  the  threads  upon  the  oops  during  the  winding.  The 
speed  of  the  spindles  also  required  regulating  by  hand  daring 
winding,  so  as  to  correspond  with  the  increasing  diameter  of  U>e 
cops  formed  on  the  spindles,  and  to  suit  the  conical  shaped  ends 
of  the  cops.  Great  skill  was  therefore  necessary  on  the  part  of 
the  spinner,  in  order  to  make  the  cops  regular  in  shape,  siae,  and 
hardness,  suitable  for  transport  and  for  being  uncoiled  without 
waste.      To  supersede  this  skilled  labour  and  render  the  msle^ 
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Belf-acting    was    therefore    the    great    aiin    in    the    subsequent 
improyements. 

In  1818  the  entire  operation  of  winding  np  the  spun  threads 
into  cops  on  the  spindles  was  rendered  altogether  self-acting  bj 
Mr.  William  Eaton.  This  involved  both  a  self-acting  method  of 
performing  the  backing-off,  which  has  to  be  done  at  the  conclnsion 
of  the  twisting  of  each  stretch,  beford  the  winding  begins ;  and  also 
a  self-acting  arrangement  in  connection  with  the  faller-wire,  for 
guiding  the  threads  regularly  upon  the  cops  during  the  winding, 
and  a  self-acting  oontrivance  for  regulating  the  speed  of  the  spindles 
according  to  the  increasing  size  of  the  cops. 

The  arrangement  of  Eaton's  Backing-Off  Motion  is  shown  in 
Figs.  19  and  20,  Plate  11.  The  main  shaft  or  "  rim  shaft  "  A,  from 
which  the  driving  motion  of  the  spindles  in  the  travelling  carriage 
is  derived,  is  itself  driven  in  the  forward  direction  during  the 
twisting,  and  again  during  the  winding,  by  the  driving  strap 
running  on  the  &st  pulley  B,  as  shown  by  the  dotted  lines  in  Fig.  20. 
The  loose  pulley  G  communicates  a  slow  motion  through  intermediate 
pinions  to  the  wheel  D  revolving  loose  upon  the  shaft  A  but  in  the 
contrary  direction;  and  at  the  other  end  of  the  shaft  A  is  a 
corresponding  wheel  E  fast  upon  the  shaft.  The  two  toothed 
sectors  FF  are  keyed  upon  a  shaft  G,  which  is  carried  in  the 
rocking  frame  H;  and  the  weight  K  on  the  rocking  frame  is 
constantly  acting  to  draw  the  sectors  back,  out  of  gear  with  the 
wheels  D  and  E;  while  the  sectors  themselves  are  only  partly 
counterbalanced  by  the  second  weight  L,  and  are  ready  to  fall 
down  into  gear  with  the  wheels  as  soon  as  the  catch  I,  by  which 
they  are  held  np  out  of  gear,  is  released.  When  the  twisting  of  the 
threads  is  completed,  the  driving  strap  is  shifted  to  the  loose 
pulley  G,  and  the  forward  motion  remaining  in  the  shaft  A  is  arrested 
by  a  friction  break  carrying  a  ratchet  wheel,  which  is  caught  by  a 
hook  faUing  into  g^r  at  the  moment  of  reversing  the  strap.  The 
pull  upon  this  hook  extends  a  spiral  spring,  the  recoil  of  which  is 
made  to  release  the  catch  I ;  and  the  sectors  F  falling  into  gear 
«t>with  the  wheels  D  and  E,  a  backward  motion  is  then  communicated 
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to  the  shaft  A  from  the  loose  pnlley  C  ranning  forwards,  whereby 
the  spindles  are  made  to  tnm  backwards  through  the  few  reyolations 
necessary  for  backing  off  the  spiral  coils  of  thread  at  the  top  of  the 
spindles,  preparatory  to  winding.  As  the  form  of  cop  employed 
was  a  simple  cone,  increasing  in  height  at  the  same  time  as  in 
diameter  (as  shown  in  Fig.  21),  the  length  of  the  spiral  coils  that 
require  backing  off  at  the  top  of  the  spindles  becomes  less  with  the 
increasing  height  of  the  cops  on  the  spindles,  and  the  nnmber  of 
backward  turns  in  the  backing-off  has  thei*efore  to  be  gradually 
diminished  as  the  cops  approach  completion ;  this  is  effected  by  an 
adjustable  stop  underneath  the  sectors  F,  which  is  gradually 
elevated  in  proportion  to  the  increasing  height  of  the  cops.  This 
stop  is  connected  with  a  leyer  catching  against  a  stud  at  the  lower 
extremity  of  the  arm  H  of  the  rocking  frame ;  and  the  downward 
movement  of  the  sectors  F,  while  in  gear  with  the  wheels  D  and  £, 
depresses  the  stop  until  at  length  the  arm  H  is  liberated;  the 
weight  K  then  withdraws  the  sectors  out  of  gear,  whereby  the 
backward  motion  of  the  shaft  A  is  stopped.  By  then  shifting  the 
driving  strap  to  the  fast  pulley  B,  the  shaft  A  is  again  driven  in 
the  forward  direction,  and  the  threads  previously  spun  are  wound 
up  on  the  spindles  as  the  carriage  runs  inwards.  The  pin  J  fixed 
upon  the  carriage,  travelling  inwards  in  the  direction  of  the  arrow, 
now  comes  in  contact  with  the  tail  of  the  lever  M,  and  lifts  the 
sectors  up  again  into  their  highest  position,  in  which  they  are 
retained  as  before  by  the  catch  I  at  the  other  end  of  the  lever  H; 
and  when  the  run-in  of  the  carriage  is  nearly  completed,  the  same 
pin  J  comes  in  contact  with  the  tail  of  a  second  lever  N,  hearing 
against  the  extremity  of  the  arm  H  of  the  rocking  frame,  whereby 
the  sectors  are  thrown  forwards  again  in  readiness  for  the  next 
time  of  backing-off. 

Eaton's  Faller  Motion  is  shown  in  Fig.  21,  Plate  78,  and  was 
almost  identical  with  that  in  use  at  the  present  time,  the  difference 
being  that  the  faller  wire  A  was  depressed  by  a  weight  B,  instead 
of  as  in  the  present  mules  by  a  chain  passing  round  a  pulley  upon 
the  faller  shaft  0.  The  direction  of  the  run-in  of  the  carriage  D 
carrying  the  spindles  and  cops  B  is  shown  by  the  arrows;  and^ 
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during  the  mn-out  in  tbe  opposite  direction  the  weight  B  is  held 
np  in  the  position  shown,  by  the  catch  F  holding  the  tail  of  the 
lever  Q.  This  catch  is  withdrawn  by  the  downward  movement  of 
the  sectors  in  the  backing-off  motion,  and  the  weight  B  then  brings 
the  front  end  of  the  lever  G  down  npon  an  arm  on  the  front  side  of 
the  faller  shaft  C,  depressing  the  &ller  wire  A  upon  the  threads  H. 
The  roller  I,  carried  npon  an  arm  on  the  back  of  the  faller  shaft,  ia 
thns  brought  up  against  the  pin  J  fixed  in  the  parallel-motion 
bar  K,  and  is  '*  locked  "  by  the  latch  L ;  so  that  by  the  vertical 
movement  of  the  bar  K  the  faller  wire  A  is  raised  and  lowered 
during  the  winding  of  the  threads,  for  guiding  them  upon  the  cops 
from  end  to  end.  The  reciprocation  of  the  bar  K  is  obtained  by  its 
bottom  end  resting  upon  the  shaper  fusee  or  long  tapered  cam  M, 
which  is  driven  by  the  pinion  N  frt>m  the  toothed  wheel  O  travelling 
along  a  rack  P  fixed  upon  the  floor.  As  soon  as  the  carriage  has 
begun  to  run  in,  the  weight  B  is  lifted  off  the  faller  and  raised  again 
to  its  original  position  by  the  tail  B  of  the  lever  coming  in  contact 
with  a  fixed  stop  S.  When  the  carriage  arrives  at  the  end  of  its 
run-in,  the  sliding  bolt  T  coming  against  a  fixed  stop  pushes  back 
the  latch  L,  and  unlocks  the  roller  I ;  and  a  balance  weight  upon 
the  back  of  the  &Jler  shaft  G  raises  the  faller  wire  A  clear  off  the 
threads  into  the  extreme  position  shown  by  the  dotted  lines.  For 
regulating  the  shape  of  the  cop  as  its  size  increases,  the  shaper 
fusee  M  is  gradually  traversed  endways  along  its  shaft  N  by  the 
rack  and  pinion  IT  driven  by  a  worm  wheel  from  the  ratchet  Y, 
which  is  turned  round  one  tooth  at  a  time  by  the  lever  W  coming 
against  a  stop  X  fixed  on  the  floor  at  each  end  of  the  run  of  the 
carriage. 

In  1825  further  improvements  were  introduced  by  Mr.  Maurice 
de  Jongh,  the  backing-off  motion  being  driven  by  a  rack  instead  of 
by  sectors;  and  with  the  backing-off  was  combined  the  process 
of  putting  down  the  fieiller  wire  to  the  required  part  of  the  cops  for 
the  commencement  of  the  winding.  The  working  of  the  faller  for 
guiding  the  threads  during  winding  was  effected  by  an  arm  on  the 
back  of  the  flEiller  shaft,  carrying  a  roller,  which  travelled  along  a 
^template  or   "copping  rail''  extending  the  whole  length  of  the 
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Btretch .  The  upper  edge  of  this  copping  rail  was  shaped  according  to 
the  form  of  cop  required,  and  the  entire  rail  was  gradually  lowered 
hj  a  regnlating  screw  at  each  end  as  the  cop  was  built  up.  The 
winding  of  the  threads  on  the  cops  was  done  hj  employing  a  slack 
strap  or  friction  strap  for  driving  the  main  shaft  or  "  rim  shaft "  of 
the  mnle,  dnring  the  run-in  of  the  carriage ;  and  this  strap  was 
tightened  by  a  weight  and  two  friction  pulleys  pressing  against  it, 
the  weight  being  adjusted  so  as  to  make  the  strap  drive  or  slip  as 
required  for  keeping  the  threads  in  proper  tension. 

It  was  also  in  1825  that  the  late  Mr.  Richard  Roberts'  Self- 
Acting  Mule  was  first  brought  out,  which,  with  the  addition  of  further 
improvements  subsequently  introduced  by  himself  and  others,  is  the 
form  of  self-acting  mule  almost  universally  employed  at  the  present 
time  for  spinning  cotton.  In  this  mule  the  &ller  wire  was  for  the 
first  time  put  down  by  the  agency  of  the  "  rim  shafb  "  or  main 
driving  shafl  of  the  machine,  during  the  time  that  the  shaft  is 
turning  the  reverse  way  for  backing  off. 

The  arrangement  of  Faller-Wire  Motion,  as  employed  in  the 
present  spinning  mules,  is  shown  in  Figs.  22  to  25,  Plates  79  and  80. 
A  is  the  top-faller  arm,  which  is  made  of  the  sickle  shape  shown  in 
the  drawing  for  the  purpose  of  enabling  it  to  put  down  the  faller 
wire  to  the  bottom  of  the  cops  J,  without  the  arm  itself  heing 
required  to  pass  down  between  the  cops,  so  as  to  save  room  in  the 
length  of  the  mule.  On  the  firont  of  the  faller  shafb  I  is  keyed  the 
sector  C,  and  a  chain  D  attached  to  the  sector  passes  round  the 
pulley  E  to  a  snail  F  upon  the  shaft  of  the  tin  roller,  which  is  a 
long  hollow  cylinder  made  of  tin,  and  driving  by  separate  cords  the 
whole  row  of  spindles  T.  The  snail  F  is  geared  to  the  tin  roller 
by  a  ratchet  clutch,  with  the  teeth  set  so  as  to  engage  only  when 
the  tin  roller  is  driven  the  reverse  way  for  backing  off,  as  shown 
by  the  arrow  in  Fig.  23.  Whilst  the  tin  roller  is  running  forwards 
during  the  spinning,  and  again  during  the  winding,  in  the  direction 
shown  by  the  arrow  in  Fig.  22,  the  snail  F  is  not  in  action ;  but  • 
as  soon  as  the  carriage  G  of  the  mule  has  run  out  to  the  end  of 
the  stretch,  as  shown  in  Fig.  23,  the  tin  roller  is  turned  through 
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part  of  a  revolution  in  the  reverse  direction,  as  indicated  bj  the 
arrow,  sufficiently  for  unwinding  the  coils  in  backing  off;  and 
the  snail  F  then  comes  into  action  and  winds  up  the  chain  D, 
thereby  bringing  the  top  faller-wire  A  down  upon  the  threads  W  and 
depressing  them  towards  the  bottom  of  the  cops.  On  the  back  of 
the  faller  shafb  I  is  fixed  the  curved  arm  B,  against  which  bears  the 
vertical  locking  bar  H;  and  when  the  arm  B  is  lifted  by  the 
depression  of  the  faller  A,  its  extremity  is  caught  by  the  recess 
in  the  bar  H,  which  is  thrown  forwards  by  the  bell-crank  lever  K, 
as  shown  in  Fig.  24 ;  the  tail  of  this  lever  having  been  brought, 
by  the  run-out  of  the  carriage  G,  under  the  correspondiDg  bell- 
crank  L  fixed  in  the  end  frame  of  the  mule,  has  previously  extended 
the  spiral  spring  attached  to  the  bell-crank  L,  Fig.  23,  the  recoil 
of  which  throws  the  locking  bar  H  forwards  as  soon  as  the  arm  B 
is  sufficiently  raised.  Fig.  24.  The  pulley  E  is  carried  on  a  rocking 
lever  B,  the  tail  of  which  presses  against  the  stop  S  in  the  end 
frame  of  the  mule  during  the  time  that  the  chain  D  is  depressing 
the  faller,  Fig.  23;  but  at  the  moment  when  the  locking  bar  H 
is  thrown  forwards  to  lock  the  faller  arm  B,  the  stop  S  is  lowered, 
as  shown  in  Fig.  24,  clear  of  the  tail  of  the  lever  B,  allowing  the 
pulley  E  to  yield  to  the  further  pull  of  the  chain  D  until  the  reverse 
motion  of  the  tin  roller  in  backing  off  is  stopped  ;  by  this  means  the 
snail  F,  Fig.  23,  is  prevented  from  depressing  the  faller  wire  A 
beyond  the  required  distance  down  the  height  of  the  cop. 

The  faller  being  thus  locked,  the  carriage  G  begins  to  run  in, 
in  the  opposite  direction  to  that  indicated  by  the  arrows  in  Fig.  22; 
and  while  the  spindles  wind  up  the  threads  on  the  cops,  the  faller 
wire  is  gradually  allowed  to  rise  by  the  locking  bar  H  running  down 
the  inclined  copping  rail  M,  the  curved  arm  B  being  kept  constantly 
pressed  home  in  the  notch  of  the  locking  bar,  by  a  counterbalance 
weight  or  spring  acting  on  the  back  of  the  faller  shafb  I  to  raise  the 
fiiUer  A.  The  length  of  the  stretch  or  run-in  of  the  carriage  G  is 
63  inches,  which  is  therefore  the  length  of  thread  to  be  wound  upon 
the  cop  J  at  each  time  of  winding ;  and  this  whole  length  of 
63  inches  of  spun  thread  in  each  stretch  is  wound  upon  the  cop 
dnring  each  stroke  of  the  faller  wire.     The  mode  of  building  up  the 
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oop  in  BUccessiye  stages  is  shown  half  Ml  sizo  in  Fig.  26,  Plate  81 ; 
and  in  order  to  allow  for  the  increasing  diameter  of  the  cop,  the 
snccessiye  layers  of  thread  are  wonnd  upon  it  in  more  open  coils 
as  the  size  increases,  as  indicated  bj  the  dotted  lines,  which  is 
effected  by  gradually  increasing  the  range  of  the  fiJler  wire;  at 
the  same  time  the  ends  of  the  cop  are  made  of  the  conical  form 
shown  in  the  drawing.  The  leugth  of  range  or  "  chase "  of  the 
faller  wire  at  the  commencement  of  the  cop  upon  the  bare  spindles 
is  only  from  A  to  B  ;  but  this  is  gradually  increased  until  the  cop 
has  attained  its  full  diameter  0  G,  when  the  length  of  range  is 
from  G  to  D ;  after  which  the  range  is  sUghtly  diminished  again  to 
the  length  E  F  in  finishing  the  cop.  For  the  purpose  of  obtaining 
the  requisite  motion  of  the  &ller  wire  for  giving  these  successire 
shapes  to  the  cop  during  the  winding,  the  extremities  of  the  copping 
rail  M,  Fig.  22,  are  supported  on  the  two  sliding  wedges  N  and  0, 
which  are  kept  at  an  invariable  distance  apart  by  a  connecting  rod. 
In  commencing  the  winding  of  a  set  of  cops  upon  the  bare  spindles, 
as  shown  at  A  B  in  Fig.  26,  the  copping  rail  is  set  at  the  top  of 
the  wedges  and  is  at  its  smallest  inclination;  and  after  each 
successive  layer  has  been  wound  on,  the  two  wedges  are  slided 
from  under  the  rail  by  a  traversing  screw  worked  by  a  ratchet- 
wheel,  which  is  advanced  one  or  more  teeth  during  each  run-out 
of  the  carriage  G,  Fig.  22.  By  this  means  the  cc^ping  rail  M  is 
gradually  lowered  at  both  ends,  and  at  the  same  time  its  inclination 
is  increased  by  the  outer  wedge  N  being  made  with  a  rather  smaller 
angle  at  the  top  than  the  inner  wedge  O,  for  the  purpose  of  forming 
the  cop  with  a  more  gradual  taper  at  the  top  than  at  the  bottom,  as 
shown  in  Fig.  26.  This  increase  of  inclination  continues  until 
the  oop  has  attained  its  full  diameter  G  G  and  has  assumed  the 
shape  A  G  D ;  after  which  the  inclination  slightly  decreases  again 
until  the  cop  is  completed  to  the  finished  shape  A  G  E  F,  by  the 
latter  part  of  the  outer  wedge  N  being  made  slightly  steeper  than 
the  corresponding  portion  of  the  inner  wedge  0,  as  shown  in  Fig.  22. 
The  inner  end  of  the  copping  rail  being  the  lowest,  the  winding 
of  each  stretch  leaves  off  at  the  top ;  and  at  the  commencement 
of  winding  each  stretch  the  faller  wire  puts  down  the  thread  to 
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the  point  at  which  the  .winding  of  the  new  layer  is  to  be  started, 
about  three  coils  being  wound  on  dnring  the  descent  of  the  &ller, 
as  indicated  by  the  spiral  dotted  line  from  F  to  E  in  Fig.  27,  and 
the  remainder  dnring  the  rise  of  the  faller.  When  the  spindles 
arriye  at  the  rollers  P,  as  shown  in  Fig.  25,  having  wound  np  the 
63  inches  stretch  of  threads,  the  stop  U  pushes  back  the  locking 
bar  H,  thereby  releasing  the  faller  A,  which  immediately  rises  clear 
of  the  threads  W. 

The  counter-faller  wire  is  carried  by  the  arm  Y  from  a  second 
shall  behind  the  top-faller  shaft  I,  and  during  the  winding  it  bears 
up  constantly  against  the  underside  of  the  threads  W,  as  shown 
in  Figs.  23  and  24,  with  a  slight  pressure  from  a  counter-balance 
weight  or  spring  acting  on  the  shaft,  so  as  to  ensure  keeping  the 
threads  in  proper  tension;  during  the  spinning  the  counter-faller 
is  held  up  just  beneath  the  threads,  but  without  touching  them, 
as  shown  in  Fig.  22.  The  arm  Y  of  the  counter-&ller  is  curved  as 
shown  in  the  drawing,  so  as  to  reach  over  the  shaft  I  of  the  top 
fiJler,  and  also  to  avoid  passing  down  between  the  cops ;  and  the 
carved  arm  B  on  the  back  of  the  top-&ller  shaft  I  is  shaped  so  as 
to  clear  the  shaft  of  the  counter-faller.  The  height  of  the  counter- 
faller  wire  is  employed  as  a  means  of  regulating  the  speed  of  the 
spindles  in  winding,  in  the  manner  afterwards  explained,  so  as  to 
avoid  the  occurrence  of  any  slack  in  the  threads. 

Roberts'  Backing-OfiP  Motion  as  employed  in  the  present  mules 
is  shown  in  Fig.  28,  Plate  81,  which  is  a  plan  of  the  main  driving 
shaft  or  "  rim  shaft  '*  A  of  the  machine,  carrying  the  large  ''  rim 
wheel "  Z  or  doublo-grooved  pulley  driving  the  whole  of  the  mule 
spindles  by  the  endless  cords  XX^  Fig.  22,  passing  round  the 
pulleys  Y  Y.  On  the  boss  of  the  loose  pulley  B  is  a  pinion  C,  which 
through  a  train  of  intermediate  wheels  D  D  drives  in  the  reverse 
direction  and  at  the  required  slower  speed  the  spur  wheel  and 
friction  cone  E,  also  running  loose  upon  the  shaft  A  and  sliding 
longitudinally  upon  it.  This  friction  cone  engages  in  a  corresponding 
hollow  cone  inside  the  &st  pulley  F ;  and  when  the  driving  strap  is 
shifted  from  the  fast  pulley  F  to  the  loose  pulley  B  for  the  purpose 
of  backing  off,  the  friction  cone  is  also  brought  up  against  the  hst 
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pulley,  thereby  first  arresting  by  friction  the  forward  motion  of  the 
dri\ring  shaft  A,  and  then  giving  it  the  rererse  motion  for  backing 
off. 

Roberts'  Winding  Quadrant  for  regulating  the  winding  of  the 
threads,  by  diminishing  the  speed  of  the  spindles  in  proportion  as 
the  diameter  of  the  cops  increases,  is  shown  in  Fig.  29,  Plate  82. 
This  very  ingenious  contrivance  has  never  been  superseded,  and  is 
employed  in  almost  every  self-acting  mule  at  the  present  day.  The 
quadrant  A  turns  upon  a  fixed  centre  C  in  the  frame  of  the  mnle, 
and  a  pinion  B  gears  into  it,  which  is  driven  by  a  band  and  pnllej 
receiving  motion  from  the  traverse  of  the  carriage  G,  the  arrows 
indicating  the  direction  of  motion  during  the  run-in  of  the  carriage. 
The  grooved  arm  D  of  the  quadrant  contains  a  double-threaded 
screw,  by  which  the  sliding  nut  E  is  traversed  outwards  from  the 
centre  of  motion  0  towards  the  extremity  of  the  arm  D.  When  the 
carriage  is  at  the  outer  end  of  its  stretch,  the  arm  D  stands  inclined 
12**  outwards  from  the  vertical,  as  shown  by  the  dotted  lines ;  and 
during  the  run-in  of  the  carriage  it  turns  inwards  through  an  arc 
of  90^.  A  chain  F  attached  to  the  nut  £  is  coiled  round  a  dram 
H  inside  the  carriage  G,  and  as  the  carriage  recedes  from  the 
quadrant  arm  during  the  run-in  the  chain  thus  causes  the  drum  to 
rotate,  and  thereby  drives  the  spindles  T  through  the  intervention 
of  the  tin  roller  I  geared  to  the  drum  H.  At  the  commencement 
of  a  set  of  cops,  the  nut  E  is  at  the  bottom  of  the  quadrant  arm  D, 
nearest  to  the  centre  of  motion  0,  as  shown  dotted;  and  the 
number  of  revolutions  then  given  to  the  drum  H  by  the  uncoiling  of 
the  chain  during  the  run-in  of  the  carriage  is  nearly  as  many  as  if 
the  end  of  the  chain  at  the  nut  were  held  stationary,  and  is  sufficient 
to  wind  up  on  the  bare  spindles  the  length  of  threads  spun  in  one 
stretch. 

As  the  cops  increase  in  diameter  from  their  original  size  A  6  to 
their  full  diameter  C  C,  Fig.  26,  the  nut  B  is  gradually  advanced 
outwards  along  the  quadrant  arm  D,  Fig.  29,  so  as  to  increase  its 
arc  of  motion  and  thereby  diminish  the  number  of  revolntionfl  of 
the  drum  H  and  the  speed  of  the  spin^es  T.  This  advance  of  the  nut 
is  obtained  from  the  counter-faller  Y  bearing  against  the  underside 
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of  the  threads  W  during  the  winding.  The  depression  of  the  connter- 
faller  towards  the  lower  part  of  the  cop  J  brings  down  the  end  of  a 
goveming  lever  upon  a  horizontal  strap,  which  passes  round  a 
pulley  on  the  headstock  of  the  mule  and  round  another  on  the 
centre  shaft  C  of  the  quadrant ;  and  on  this  shaft  is  a  bevil  pinion 
gearing  into  a  second  bevil  pinion  on  the  end  of  the  double-threaded 
traversing  screw  in  the  arm  D ;  so  that  when  the  goveming  lever 
is  depressed  upon  the  strap  by  the  counter-faller,  the  forward 
motion  of  the  lever  as  the  carriage  runs  in  drags  the  strap  along 
with  it  by  friction  and  turns  the  shaft  G  forwards,  sliding  the  nut  E 
outwards  towards  the  circumference  of  the  quadrant.  At  the 
moment  when  the  backing-off  motion  has  ceased  and  the  carriage 
begins  to.  run  in  for  winding  up  the  stretch  of  thread  spun,  as 
shown  in  Fig.  24,  the  counter-faller  wire  Y  is  at  its  highest  working 
position,  compensating  for  the  additional  length  of  thread  that  has 
been  uncoiled  &om  the  top  of  the  spindle  in  backing  ofiP  after  the 
spinning  of  the  stretch  was  completed.  The  nut  E  however,  Fig.  29, 
is  still  at  the  same  distance  from  the  centre  G  of  the  quadrant 
as  it  was  at  the  conclusion  of  winding  the  previous  stretch ;  and 
therefore,  as  the  diameter  of  the  cop  is  now  greater  by  winding  the 
new  layer  of  thread  outside  the  previous  one,  the  winding  of  the 
new  stretch  commences  rather  too  fast,  and  begins  at  once  to  take 
up  the  length  of  thread  given  out  in  the  backing  off.  The  counter- 
&ller  y  is  thus  depressed,  and  by  means  of  the  goveming  lever 
slides  the  nut  E  further  out  from  the  centre  G,  until  the  speed  of 
winding  is  sufficiently  diminished  to  allow  the  counter-faller  to 
rise  again  high  enough  for  lifting  the  governing  lever  off  the  strap. 
It  will  be  seen  that,  in  consequence  of  the  arm  D  describing  the 
quadrant  of  a  circle,  the  horizontal  motion  of  the  nut  E  in  the 
winding  of  each  stretch  is  greatest  at  the  commencement  of  the 
winding  and  gradually  diminishes  as  the  carriage  runs  in;  and 
the  effect  of  this  is  that  the  speed  of  winding  is  gradually  increased 
towards  the  end  of  each  stretch.  By  this  means  the  threads  are 
wound  uniformly  upon  the  cops,  with  an  equal  degree  of  tightness 
throughout. 
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The  whole  mule  is  driven  by  a  strap  3f  inches  broad,  running 
over  the  &st  pnlley  F,  Fig.  28,  on  the  rim  shaft  A,  and  traTellisg 
at  about  1670  feet  per  minute  or  about  19  miles  per  hour.    The 
driving    power  required  is  about  1   indicated  horse  power  per 
230    spindles,    or    4|    horse    power    for    each    mule    containing 
1000  spindles.     The  speed  of  the  endless  cord  X  passing  round  the 
rim  wheel  Z,  Fig.  22,  is  2640  feet  per  minute  or  about  30  miles  per 
hour.    The  carriage  of  the  mule  makes  3  to  8^  double  joumejs  oat 
and  home  per  minute,  the  length  of  stretch  being  63  inches ;  bat  the 
velocity  varies  at  different  parts  of  the  traverse,  the  carriage  being 
taken  in  by  a  pair  of  scrolls  in  the  centre  of  the  machine,  and 
drawn  out  by  three  spiral  grooved  pulleys  keyed  upon  a  shaft 
miming  the  entire  length  of  the  mule,  one  puUey  being  in  the 
middle  of  the  shaft  and  one  at  each  end.    The  length  of  the  carriage 
being  upwards  of  100  feet,  a  parallel  motion  is  required  for  keeping 
the  carriage  straight ;  and  this  is  obtained  by  a  horizontal  traversing 
pulley  at  each  end  of  the  carriage,  traversing  along  fixed  cords  and 
thereby  made  to  revolve ;  and  these  two  pulleys  being  also  coupled 
together  by  a  crossed  cord  are  compelled  to  revolve  at  the  same 
rate,  and  consequently  cause  each  end  of  the  carriage  to  travel  a^ 
the  same  rate.     There  are  three  pairs  of  drawing  rollers  P,  ¥ig.  22^ 
by  which  the  rovings  are  drawn  about  8  times  before  being  delivered 
for  spinning.     The  last  pair  of  rollers  delivers  the  rovings  at  a 
speed  of  26  feet  per  minute,  until  the  carriage  G  has  run  oat  the 
63  inches  length  of  stretch,  when  the  rollers  are  stopped,  and  hold  the 
threads  fast  during  the  winding  up  as  the  carriage  runs  in  again. 
The  actual  length  of  roving  delivered  by  the  last  pair  of  rollers 
for  each  stretch  of  63  inches  is  about  61  inches. 

The  spindles  make  about  1260  revolutions  in  twisting  each  Bla*etch 
of  63  inches,  thus  putting  about  20  twists  per  inch  into  the  threads ; 
and  the  total  time  occupied  is  about  12^  seconds.  In  winding  np 
the  threads,  as  the  total  length  to  be  wound  up  remains  constant 
namely  63  inches,  the  number  of  revolutions  is  diminished  in  each 
successive  stretch  according  to  the  increasing  siae  of  the  oop,  fro"* 
about  70  revolutions  at  the  commencement  to  23  revelations  at 
the  full  diameter  of  the  cop,  with  cops  of  an  average  size  winding 
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an  average  number  of  yam,  such  as  No.  32,  wliich  is  such  a  qnalit j 
that  32  hanks  of  840  yards  each  weigh  together  1  lb. ;  the  time  of 
Mrinding  each  stretch  is  about  3^  seconds.  The  velocity  of  the 
spindles  is  about  390  revolutions  per  minute  in  winding,  and  in 
twisting  the  speed  ranges  from  8000  down  to  3000  for  coarse  work, 
a  common  average  being  about  6500  to  7000  revolutions  per  minute. 
In  backing  off  the  velocity  of  revolution  is  about  l-20th  of  that  in 
twisting.  The  direction  of  rotation  of  the  spindles  is  the  same  in 
twisting  and  in  winding,  and  the  thread  is  wound  on  in  a  right-handed 
spiral  when  spinning  twist,  and  left-handed  when  spinning  weft. 
Fig.  27,  Plate  81,  shows  full  size  the  conical  form  of  the  top  of  the 
spindles  for  the  purpose  of  letting  the  thread  slip  off  freely  at  each 
revolution  in  twisting;  and  the  two  lines  Q-  and  H  show  the 
extreme  inclinations  of  the  thread  to  the  spindles  during  the 
twisting.  The  larger  angle  shown  by  the  dotted  line  G,  when  the 
spindles  are  nearest  to  the  drawing  rollers,  is  about  145^  ;  and  the 
smaller  angle  shown  by  the  full  line  H  is  about  105^,  when  the 
spindles  are  at  the  outer  extremity  of  the  stretch.  The  spindles 
themselves  are  inclined  inwards  towards  the  drawing  rollers  at  an 
angle  of  about  12°  from  the  vertical,  as  shown  in  the  drawing. 

In  a  mule  invented  by  Mr.  John  Robertson  in  1834  and  brought 
out  with  other  improvements  in  1839  by  Mr.  Smith  of  Deanston, 
the  chief  feature  was  the  use  of  a  mangle  wheel  for  performing  the 
principal  motions  and  changes,  including  a  method  of  increasing 
the  amount  of  twist  put  into  the  threads  during  the  last  few  inches 
of  each  stretch.  The  mule  of  Mr.  James  Potter  also  possesses  some 
features,  which,  although  they  have  not  been  largely  adopted,  have 
much  merit  in  them.  The  carriage  is  moved  in  and  out  by  an  arm 
travelling  through  half  a  revolution,  so  that  the  motion  begins  and 
ends  slowly  and  is  quickest  at  the  middle  of  the  stretch.  The 
winding  on  is  effected  by  an  adjustable  conical  drum,  the  larger  end 
of  which  is  of  the  proper  size  for  winding  upon  the  bare  spindles, 
and  the  smaller  for  the  full  cops  ;  the  drum  is  traversed  longitu- 
dinally on  its  shaft  by  a  screw  of  differential  pitch,  to  the  nut  of 
which  is  attached  the  winding  chain  that  coils  on  the  drum ;  and 
the  position  of  the  chain  on  the  drum  is  changed  rapidly  at  the 
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eommencement  of  a  set  of  cops,  and  more  slowly  as  they  fill  np. 
This  spiral  cone  dram  was  subsequently  replaced  by  a  contracting 
spiral  pulley,  wjiicb  at  full  diameter  drove  tbe  bare  spindles,  and 
gradually  contracted  as  the  cops  approached  completion. 

The  number  of  spindles  in  the  self-acting  mules  has  been 
gradually  increased,  until  at  the  present  time  many  mules  contain 
1000  spindles  each.  One  pair  of  these  mules  requires  the  attendance 
of  only  one  man  and  two  boys,  for  cleaning  the  machines,  setting  in 
the  rovings,  attaching  the  broken  threads,  taking  off  the  cops  when 
full,  and  starting  the  machines  to  work  again.  In  spinning  No.  32 
yam  (in  which  the  weight  of  82  hanks,  each  containing  840  yards,  is 
1  lb.),  the  production  of  the  pair  of  mules  per  week  of  60  hours  is 
45,000  hanks,  or  21,477  miles  per  week,  weighing  1406  lbs.  The 
floor  space  occupied  by  one  of  the  mules  containing  1000  spindles  is 
about  116  feet  by  10  feet,  leaving  about  4  feet  for  passages  at  the 
ends  of  the  mules  in  the  modem  mills  of  120  feet  width.  The  cost 
of  a  modem  cotton  mill  for  spinning  No.  82  yarn,  including  building, 
machinery  and  accessories,  steam  engine  and  shafting,  with  fire- 
proof floors  in  the  scutching  and  carding  rooms  and  timber  floors  in 
the  spinning  rooms,  averages  18«.  per  spindle ;  and  one  mill  was 
built,  daring  the  cotton  panic  caused  by  the  American  war,  for  lbs. 
per  spindle. 

The  progress  made  in  cotton  manu&cture  during  the  last 
century  is  strikingly  shown  by  the  following  comparison  between 
the  years  1760  and  1860  :— 

1760.  1800. 

Total  value  of  cotton  yam  produced      200,0002.  85,000,0001.  4U  timfls  greatar. 

Weight  of  cotton  imported ....        8,870,000{&«.  1,063,000,0000*.  280      „        „ 

Value  of  1  lb.  of  No.  48  yarn     ...       10*.  lU.  lU,  12  times  cheaper. 

„  „  No.  100    „       ,    ,    ,       989,    Od.  U.  9i.        15     tf  » 

As  an  illustration  of  the  present  extent  of  the  manu&cture,  it 
may  be  mentioned  in  conclusion  that  the  number  of  spindles 
employed  at  the  present  time  in  the  cotton  manufacture  of  Gbeat 
Britain  exceeds  86  million ;  and  taking  them  as  spinning  on  the 
average  No.  32  yam,  when  each  spindle  produces  per  week 
22|  hanks  of  840  yards  each,  there  is  a  regular  production  from  the 
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whole  of  64  million  miles  of  jam  per  day  of  10  hours  when  in  fnll 
work,  or  a  length  of  thread  equal  to  more  than  four  times  round  the 
earth  every  minute. 


The  President  remarked  that  the  great  extent  of  the  advance 
effected  in  the  production  of  cotton  thread  by  the  employment  of 
the  modem  machinery  was  clearly  illustrated  by  the  particulars 
given  in  the  paper  just  read  as  to  the  rate  of  spinning  that  was  now 
attained.  In  India  the  old  system  of  hand  spinning  still  {5revailed, 
as  it  had  existed  for  hundreds  of  years  past,  the  whole  process 
being  performed  by  the  fingers;  but  from  the  particulars  given 
in  the  paper  of  the  remarkable  results  now  attained  by  the 
improvements  in  machinery,  the  amount  of  thread  spun  by  one  of 
the  present  self-acting  mules  was  as  great  as  could  be  produced  by 
3000  hand  spinners  he  believed,  a  pair  of  these  mules  requiring 
only  the  attendance  of  three  persons,  each  of  whom  thus  did  as 
much  work  as  2000  could  accomplish  without  machinery. 

Mr.  B.  FoTHERQiLL  considered  they  were  greatly  indebted  to  the 
author  of  the  paper  for  the  clear  account  that  had  been  given  of 
the  progress  of  cotton  spinning,  tracing  the  principles  of  the 
successive  improvements  from  the  first  application  of  machinery 
down  to  the  beautiful  contrivances  in  use  at  the  present  time.  The 
original  machines  of  Paul  and  Arkwright,  both  the  spinning 
machine,  the  carding  engine,  and  the  drawing  frame,  were 
fortunately  all  preserved  now  in  the  South  Kensington  Museum, 
having  been  obtained  from  Arkwright's  family;  they  were  in 
themselves  of  very  great  interest,  and  showed  clearly  that 
Arkwright  and  those  who  worked  with  him  had  a  thorough 
practical  knowledge  of  the  nature  of  the  fibre  to  be  operated  upon 
and  the  appropriate  means  to  be  employed.  He  was  glad  to  hear  it 
stated  in  the  paper  that  the  original  invention  of  the  principle  of 
drawing  by  rollers  was  due  to  Paul,  as  the  credit  of  the  invention 
had  until  recently  been  given  through  mistake  to  others.  It  might 
perhaps  not  be  generally  known  that  the  principle  of  Hargreaves' 
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spinning  jenny  was  still  adopted  in  spinning  wool  for  tlie 
mannfiictnre  of  cloth ;  only  that  instead  of  the  roving  of  wool 
being  held  tight  by  a  clasp,  as  in  the  original  spinning  jenny,  a 
single  pair  of  rollers  was  nsed,  which  deliyered  about  15  or  18  inches 
length  of  roving  at  a  time  to  be  twisted  into  thread,  and  the  roQera 
were  then  stopped  and  the  wool  drawn  out  little  by  tittle  bj  the 
caarriage  travelling  along  to  the  forther  end  of  the  machine  and 
twisting  the  rovings  daring  the  drawing.  The  principle  on  which 
this  process  was  snccessM  in  producing  a  uniform  degree  of 
elongation  throughout  the  length  of  the  rovings  was  that  wherever 
there  was  a  thin  place  in  the  thread  the  greater  portion  of  the  t?nst 
ran  into  that  part  at  first  and  thereby  rendered  it  more  difficult  to 
be  elongated  than  the  thicker  parts,  which  were  thus  drawn  down 
in  turn,  and  the  production  of  an  even  thread  was  the  result.  The 
same  principle  was  also  adopted  for  spinning  even  the  finer  nnmhers 
of  woollen  yam ;  but  three  pairs  of  rollers  were  then  used,  ranning 
at  different  speeds  to  aid  in  the  drawing  action  and  obtain  greater 
uniformity  of  thread,  instead  of  only  a  single  pair. 

Having  assisted  the  late  Mr.  Roberts  at  the  time  of  the  invmtion 
of  the  self-acting  mule,  he  remembered  the  introduction  of  the  first 
of  these  machines  at  Mr.  Birley's  cotton  mill  in  Manchester,  and 
the  great  difficulties  that  had  to  be  encoimtered  from  the  opposition 
of  the  workpeople.  Frequent  breakdowns  occurred  at  first, 
particularly  of  the  cast-iron  portions  of  the  machine,  which  were 
accordingly  replaced  by  wrought  iron;  and  it  was  at  lengtii 
discovered  that  the  continual  damage  to  the  machine  was  wilftiOy 
occasioned  by  the  persons  in  charge  of  it,  for  the  purpose  of  pntting 
an  end  to  its  use.  In  spite  of  all  opposition  however  the  self-acting 
mule  was  successfully  established,  and  was  now  universally  employed 
in  the  cotton  manufacture. 

Mr.  Platt  said  he  was  indebted  to  his  partners,  Mr.  Biohardson 
and  Mr.  Spencer,  for  their  aid  in  the  preparation  of  the  paper  that 
had  been  read,  the  object  of  which  had  been  not  so  much  to  enter 
into  the  details  of  particular  ma>chines,  as  to  give  a  general  aceoimt 
of  the  progressive  steps  of  mechanical  improvement  introduced  in 
the   preparation    and    spinning  of  cotton.      He  had  thought  it 
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important  to  give  promiiience  in  the  paper  to  the  name  of  Panl,  as 
the  real  originator  of  drawing  by  rollers,  because  it  had  hitherto 
always  been  costomary  through  mistake  to  attribute  this  invention 
to  Arkwright  and  Hargreaves.  There  was  no  question  that  the 
amount  of  mechanical  ingenuity  displayed  during  the  last  forty 
years  in  connection  with  cotton  machinery  was  unparalleled  in 
history;  and  the  machine  that  was  above  all  others  the  most 
interesting,  and  the  one  in  which  mechanical  science  had  been 
brought  most  to  bear,  was  the  self-acting  mule.  A  great  many 
names  were  of  course  associated  with  the  maturing  of  the  many 
details  in  this  machine  and  bringing  it  to  its  present  state  of 
perfection;  but  no  one  shone  out  so  prominently  as  the  late 
Mr.  Richard  Roberts,  who  first  brought  true  mechanical  principles 
to  bear  in  the  construction  of  the  self-acting  mule ;  and  with  the 
exception  of  details,  the  working  of  the  machine  was  the  same  in 
principle  at  the  present  time  that  it  had  been  when  first  introduced 
by  him  about  1825.  Houldsworth  was  another  whom  it  was 
necessary  to  mention  particularly,  because  by  the  introduction  of 
the  differential  motion  he  gave  a  character  of  perfection  to  roving 
machines  which  they  never  possessed  before.  The  self-stripping 
carding  engine  now  generally  in  use  was  originally  introduced  by 
Mr.  Smith  of  Deanston ;  but  it  did  not  prove  commercially  success^ 
unto  worked  out  into  its  present  complete  shape  by  Mr.  Evan  Leigh. 
There  was  little  doubt  however  that  the  carding  engine  would  find 
a  great  rival  in  the  combing  machine,  which  had  been  invented  in 
France  and  recently  introduced  into  this  country  for  a  different 
purpose;  and  though  the  machine  was  somewhat  complex  in  its 
construction,  and  certainly  quite  distinct  in  principle  from  the 
carding  engine,  he  believed  it  was  destined  to  work  a  great 
revolution  in  the  carding  and  stripping  of  cotton,  and  it  was 
possible  that  combing  might  ultimately  supersede  carding  altogether 
in  the  preparation  of  cotton.  At  present  however  the  combing 
machine  was  comparatively  in  its  infancy,  so  that  it  would  be 
premature  to  enter  into  particulars  respecting  it ;  but  he  thought 
that  on  a  future  occasion  it  would  afford  good  material  for  a 
separate  paper  on  the  subject. 
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Mr.  Rahsbottom  enquired  wliether  €ke  drawing  action  hj  meanB 
of  pairs  of  rollers  ranning  at  different  speeds  was  due  to  Paol,  or 
whether  he  simply  nsed  a  single  pair  of  rollers. 

The  Pbbsidknt  replied  that  they  were  indebted  to  Panl  for  the 
three  pairs  of  rollers  mnning  at  different  speeds,  so  as  to  produce 
the  drawing  action  between  each  pair  which  constituted  the 
important  feature  of  his  inyention. 

Mr.  W.  Richardson  mentioned  that  Paul  was  also  the  first  who 
employed  a  revolying  cylinder  for  carding,  which  had  previously 
been  done  on  a  flat  surface. 

Mr.  B.  FoTUERQiLL  observed  that  Paul  had  gone  beyond  the 
mere  substitution  of  a  revolving  cylinder  in  place  of  a  flat  carding 
table,  as  he  had  also  taken  the  great  step  of  adding  the  series  of 
carding  rollers  round  the  circumference  of  the  main  carding 
cylinder,  which  had  been  subsequently  embodied  and  more  ihoroughly 
worked  out  in  the  carding  engine  of  Arkwright,  and  farther 
improved  by  the  addition  of  the  doffing  knives  for  clearing  the 
carding  teeth  during  working. 

Mr.  W.  RiGHABDSON  remarked  that  the  combing  machine,  which 
had  been  referred  to  as  now  being  introduced  for  the  preparation  of 
cotton,  was  of  particular  value  in  connection  with  the  great  demand 
that  had  now  sprung  up  for  thread  for  sewing  machines ;  a  strong 
and  clear  thread  was  required  without  any  breaks,  and  in  order  to 
produce  this  the  longer  fibres  of  the  cotton  were  required  to  he 
separated  from  the  shorter ;  and  this  was  succeesfhlly  accomplished 
by  the  combing  machine. 

The  President  moved  a  vote  of  thanks  for  the  paper,  which  was 
passed,  to  Mr.  Piatt,  and  also  to  Mr.  Spencer  and  Mr.  Richardsoii* 


The  following  paper,  by  Mr.  John  Frederic  Batenmn,  of  London, 
Engineer-in-Ghief  to  the  Manchester  Water  Works,  communicated 
through  Mr.  William  Fairbaim,  was  then  read : — 
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DESCRIPTION  OP  THE 
MANCHESTER   WATER   WORKS. 


Bt  Mr.  JOHN  FBEDERIG  BATEMAN,  of  London. 


The  works  bj  which  the  city  of  Manchester  and  its  snhnrbs  are 
now  supplied  with  water  were  originally  designed  in  1846,  and 
were  commenced  in  the  antmnn  of  1848 ;  and  the  water  was  first 
introduced  into  the  city  at  the  end  of  1850.  Preyionsly  to  this 
date  the  water  snpply  had  been  gathered  from  various  sources :  for 
some  twenty  years  the  greater  portion  had  been  obtained  from  a 
limited  tract  of  gathering  ground  within  a  few  miles  of  Manchester; 
a  small  additional  quantity  had  recently  been  procured  from  a  weU 
sunk  into  the  new  red  sandstone  at  Gt>rton ;  and  urgent  deficiencies 
were  made  up  by  occasional  supplies  frt>m  the  Ashton  and  Peak 
Porest  Canals.  The  supply  however  was  very  inadequate  and  very 
impure.  The  present  water  supply  is  brought  from  the  River 
Etherow,  which  divides  the  counties  of  Derby  and  Chester,  deriving 
its  supplies  from  the  western  slopes  of  the  great  chain  of  lulls 
commonly  called  the  backbone  of  England. 

A  general  plan  showing  the  drainage  area  and  the  entire 
course  of  the  works  to  Manchester  is  given  in  Fig.  2,  Plate  84 ; 
and  Fig.  8,  Plate  85,  is  a  longitudinal  section  along  the  line  of  the 
works.  The  drainage  ground  lies  nearly  midway  between  Manchester 
and  Sheffield,  and  extends  over  about  19,000  acres.  It  rises  in 
parts  to  an  elevation  of  about  1800  feet  above  the  level  of  the  sea, 
and  about  1200  or  1300  feet  above  the  deep  and  romantic  valley  of 
Longdendale,  in  which  the  main  collecting  reservoirs  are  situated, 
as  shown  to  a  larger  scale  in  the  plan  Fig.  1,  Plate  83.  The 
district  consists  of  the  shales  and  sandstones  which  constitute  the 
lower  portion  of  the  coal  series,  the  upper  millstone  grit  forming 
the  cap  of  the  steep  escarpments  on  each  side,  while  the  lower 
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millstone  grit,  which  may  be  said  to  separate  the  coal  measure 
shales  from  the  limestone  shales,  is  found  in  the  bottom  of  the  ysJUkj. 
The  water  yielded  by  this  geological  formation  is  some  of  the  purest 
in  the  world,  being  equal  in  general  character  to  the  water  of  Loch 
Katrine  which  supplies  Glasgow.  The  spring  water  is  especially 
brilliant,  highly  aerated,  containing  little  or  no  foreign  matter,  and 
varying  from  about  1^^  to  2^^  of  hardness  according  to  Dr.  Clark's 
scale,  in  which  1^  of  hardness  is  that  corresponding  to  1  grain  of 
lime  dissolved  in  1  gallon  of  distilled  water.  The  spring  water  is  at 
all  times  most  abundant,  the  district  yielding  much  more  than  the 
usual  quantity  in  proportion  to  the  area  from  which  the  springs 
issue. 

The  average  rain&U  is  about  50  inches  per  annum,  and  the 
average  amount  of  water  which  may  be  collected  about  40  inches, 
the  net  produce  of  three  or  fonr  consecutive  dry  years  bang 
about  33  inches  in  each  year.  This  quantity  if  wholly  stored 
would  afford  a  gross  supply  of  about  39  million  gallons  per  day ; 
from  which  a  certain  stipulated  guaranteed  quantity  has  to  be 
given  as  compensation  to  the  mills  on  the  streams  interfered  with, 
amounting  to  nearly  13  million  gallons  per  day  on  the  average  of 
every  day  in  the  year ;  this  leaves  as  the  supply  available  for  the 
city  and  its  suburbs  26  million  gallons  per  day.  The  quantity  at 
present  supplied  is  about  13  million  gallons,  so  that  there  is  water 
for  double  the  population  at  the  same  rate  of  consumption. 

Pure  and  beautiful  as  all  the  water  is  in  dry  weather  and  when 
unaffected  by  recent  rain,  the  river  and  most  of  the  principal 
streams  are  coloured  by  peat  in  floods  and  wet  weather,  especially 
in  the  summer  and  autumn  months  of  the  year.  These  circnmstanoes 
determined  several  of  the  more  important  arraz^ements  of  the 
works.  The  average  quantity  of  pure  uncoloured  water  was  more 
than  sufficient  for  the  wants  of  the  city,  but  the  actual  amonnt  was 
sometimes  less  than  required  and  at  other  times  too  mnch.  A 
system  of  separation  was  therefore  adopted,  by  which  the  pnre 
spring  water,  and  the  stream  water  when  uncoloured,  should  either 
be  taken  direct  to  Manchester ;  or,  when  there  was  more  than  was 
wanted  for  the  daily  supply  of  the  city,  should  be  stored  in  reserroirfl 
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Bet  apart  for  the  storage  of  pure  water.  The  turbid  or  coloxjred 
water,  being  the  water  of  floods,  was  to  be  stored  in  reservoirs 
specially  allotted  for  the  purpose ;  and  after  becoming  comparatively 
pure  by  settlement  and  exposure  to  the  atmosphere,  it  was  either 
to  ,be  discharged  into  the  river  as  compensation  to  the  mills,  or 
decanted  off  into  the  pure- water  reservoirs  for  the  supply  of  the 
city.  The  means  adopted  for  carrying  this  object  into  efiPect  were 
very  simple  and  certain,  and  have  proved  perfectly  successful. 
Each  stream,  whether  large  or  small,  separates  itself  by  a  simple 
arrangement,  so  that  the  pure  water  flows  on  direct  to  Manchester, 
or  into  the  pure- water  reservoirs,  to  be  there  stored  for  fatnre  use ; 
and  the  turbid  water  flows  into  the  turbid- water  reservoirs  or 
runs  to  waste  down  the  river. 

In  Fig.  4,  Plate  86,  is  shown  the  manner  in  which  the 
separation  of  the  water  is  effected  in  a  large  stream,  the  Crowden 
Brook.  A  weir  A  A  is  erected  across  the  stream,  with  a  passage  B 
for  water  within  the  masonry  beneath  the  top.  In  front  or  on  the 
down-stream  edge  of  the  weir,  a  narrow  transverse  slot  G  opens 
into  the  passage  beneath.  When  the  stream  is  small,  as  indicated 
by  the  lower  water  line  D  D,  or  rather  when  not  swollen  by  rain, 
and  the  water  consequently  perfectly  pure,  it  drops  through  the  slot 
into  the  passage  B  beneath,  which  communicates  with  a  conduit  to 
convey  the  water  to  Manchester  or  to  the  pure-water  reservoirs. 
The  slot  G  is  constructed  of  such  a  width  as  to  admit  the  whole 
stream,  when  it  consists  only  of  the  pure  water ;  but  when  the 
stream  is  swollen,  as  indicated  by  the  upper  water  line  E  E,  the 
velocity  with  which  it  passes  over  the  weir  is  sufficient  to  carry  it 
clear  over  the  slot  and  down  the  face  of  the  weir,  into  the  ordinary 
river  course  or  ty  the  reservoirs  for  turbid  water.  Figs.  5  and  6  show 
the  separating  arrangement  adapted  to  the  case  of  a  small  stream, 
where  the  object  is  effected  by  a  transverse  slot  G  in  a  trough  F 
crossing  the  pure- water  conduit  B.  The  water,  when  small  in 
quantity  and  consequently  pure,  falling  from  an  elevated  ledge  at 
the  back  of  the  slot,  drops  through  the  slot  into  the  pure-water 
conduit  B  ;  but  overshoots  the  slot  when  the  quantity  is  lai^e,  and 
is  then  carried  by  the  trough  F  in  another  direction. 

m2 
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Tbe  main  impounding  Reserroirs,  shown  in  Fig.  I,  Plate  83, 
are  constmcted  in  that  beaatifdl  part  of  the  yallej  known  as 
Longdendsde,  and  are  £ye  in  number.  Three  of  tbem,  namely  the 
Woodhead,  Torside,  and  Rhodeswood  reservoirs,  are  constmcted 
along  the  course  of  the  River  Etherow  in  the  main  vallej,  which 
tbey  occupy  for  about  5  miles  in  length.  The  other  two,  the 
Arnfield  and  HoUingworth  reservoirs,  are  placed  on  tributary 
brooks.  The  highest,  the  Woodhead  reservoir,  is  at  a  level  of 
790  feet  above  the  sea.  The  point  at  which  the  water  leaves  the 
lowest  or  Rhodeswood  reservoir  to  be  conducted  to  Manchester 
is  about  13  miles  distant  £rom  the  city.  To  this  point  also  is 
conducted  all  the  spring  water  and  pure  water  collected  by  the 
various  conduits  constructed  for  the  purpose ;  and  the  joint  volume 
of  water  is  conveyed  away  by  a  common  aqueduct*  for  the  use  of 
the  city,  as  shown  in  Figs.  2  and  3. 

This  aqueduct  is  principally  a  covered  conduit.  It  has  a  fall 
of  5  feet  per  mile,  and  passes  under  the  Mottram  ridge  by  a  tunnel 
of  about  3000  yards  length.  Fig.  3,  and  terminates  in  a  reservoir  at 
Godley  near  Hyde,  about  8  miles  distant  from  Manchester  and  314 
feet  above  the  centre  of  the  city.  From  this  reservoir  the  water  is 
conducted  by  a  single  line  of  cast-iron  pipes  of  40  inches  diameter  to 
two  service  reservoirs  at  Denton,  about  4  miles  from.  Manchester 
and  163  feet  above  the  centre  of  the  city ;  the  average  fall  of  the 
pipes  &om  Godley  to  Denton  is  43  feet  per  mile.  The  Denton 
reservoirs  are  used  for  the  service  of  the  higher  parts  of  the  city, 
while  the  old  Gorton  reservoirs,  the  lowest  of  which  is  77  feet 
lower  in  level,  are  employed  for  the  supply  of  the  lower  parte ; 
and  a  pipe  of  30  inches  diameter  is  now  being  laid  direct  from 
the  Godley  reservoir  to  supply  distant  locahties  and  varioas 
elevated  suburbs,  such  as  Pendleton,  Broughton,  Gheetham  Hill, 
and  Newton.  From  the  Denton  reservoirs  to  Manchester  there 
is  a  line  of  pipes  of  36  inches  diameter ;  and  a  culvert  of  4  feet 
diameter  conveys  a  portion  of  the  water  to  the  old  Gorton  reservoirs, 
from  which  the  lower  parts  of  the  city  are  supplied.  From  these 
latter  reservoirs  two  pipes,  of  24  and  18  inchea  diameter,  convey  the 
water  to  the  city. 

•  (In  Fig.  1  for  •*  Line  of  Pipes  "  read  "  Line  of  Aqueduct.*') 
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The  total  capacity  of  the  five  reservoirs  in  Longdendale  is 
aboat  550  million  cubic  feet  when  ftill  to  the  level  of  the  overflow 
weirs,  and  their  area  about  400  acres.  The  heights  of  the 
embankments  and  the  capacities  of  the  several  reservoirs  are  given 
in  the  following  Table : — 


Heifflit 
Bank. 

Depth 

Area 

1 

Nome  of  Eefiervoir. 

of 
Water. 

of 
Reserroir. 

Capacity  of  ReeerToir. 

Feet. 

Feet. 

Acres. 

Cubic  Feet. 

Gallons. 

Woodhead    .    .    , 

90 

72 

135 

198,000,000 

1,285,000,000 

Torside    .... 

100 

84 

160 

236,000,000 

1,474,000,000 

Rhodeswood.    .    . 

80 

68 

54 

80,000,000 

500,000,000 

Amfield  .... 

67 

62 

89 

88,600,000 

209,000,000 

Hollingworth    .     . 

70 

52 

13 

11,660,000 

73,000,000 

Godley     .... 

21 

15 

9,800,000 

61,000,000 

Denton  No.  1  .    . 

20 

7 

4,800,000 

80,000,000 

No.  2   .    . 

20 

6 

8,700,000 

23,000,000 

Gorton  Upper  .    . 

26 

34. 

19,500,000 

123,000,000 

-—'  Lower  .    . 

29 

23 

16,000,000 

100,000,000 

The  Manchester  Water  Works  were  at  the  time  of  their  execntion 
the  largest  works  of  the  kind  which  had  been  constmcted  in  this 
country,  and  in  some  respects  the  largest  which  had  ever  been 
constructed  in  any  part  of  the  world.  Much  therefore  had  to  be 
specially  considered,  and  nothing  more  so  than  the  best  form 
of  the  large  valves,  and  the  easiest  mode  of  opening  them  under 
great  pressure.  There  was  little  which  then  existed  that  could  be 
advantageously  imitated ;  everything  had  to  be  designed  anew,  with 
special  reference  to  the  work  to  be  performed.  In  order  to  arrive 
at  the  best  mechanical  contrivance,  public  competition  was  invited 
upon  a  clear  description  of  what  was  required  and  a  short 
specification  of  certain  conditions  that  were  to  be  met.  This 
resulted  in  many  valuable  suggestions,  which  were  either  adopted 
exactly  as  they  were  proposed,  or  modified  and  improved  by 
subsequent  consideration  ;  and  altogether  a  mass  of  information  was 
in  this  way  collected  which  could  not  perhaps  have  been  obtained 
otherwise.     It  is  but  justice  to  say  that,  amongst  the  designs 
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for  the  larger  apparatus,  by  far  the  best  proposals  and  tbe  best 
designs  for  the  objects  to  be  attained,  taking  all  drcnmstances  into 
consideration,  were  those  received  from  Sir  William  Armstrong,  who 
was  accordingly  the  maker  of  all  the  large  valyes  required  for  the 
works. 

It  was  laid  down  as  a  principle  that,  whatever  the  size  of  the 
valve  or  the  pressure  nnder  which  it  had  to  be  worked,  it  shonld  be 
so  contrived  as  to-  be  easily  opened  and  shnt  by  one  man.  No  large 
valve  then  existing  met  this  condition ;  and  it  frequently  happened 
that  a  valve  of  no  greater  diameter  than  24  inches,  if  it  had  to  be 
worked  under  any  considerable  pressure,  needed  the  combined 
power  of  half-a-dozen  men.  This  requirement  was  met  in  all  the 
large  valves  by  dividing  the  valve  into  two  and  in  some  cases  into 
three  compartments,  one  of  these  being  reduced  to  such  a  size  as 
would  be  equivalent  to  a  small  valve,  which  could  be  easily  opened 
by  one  man.  This  smaller  division  is  first  opened,  and  when  it  is 
open,  the  pressure  behind  the  larger  is  to  a  great  extent  destroyed  by 
the  friction  of  the  water  flowing  through  the  pipe  beyond  the  valve  ; 
and  the  pressure  is  reduced  to  an  amount  equal  to  the  extra  head 
(never  more  than  a  few  feet)  required  to  pass  the  whole  quantity 
through  an  aperture  of  the  size  of  the  small  opening ;  or  if  the  pipe 
beyond  the  valve  merely  requires  filling,  as  soon  as  it  is  filled  the 
pressure  will  be  the  same  on  both  sides  of  the  large  valve.  In  either 
case  the  large  valve  can  then  be  opened  by  one  man.  In  Figs.  7,  8, 
and  9,  Plate  87,  is  shown  the  construction  of  the  48  inch  sluice 
valves  employed  for  taking  off  the  water  from  the  large  reservoirs, 
the  whole  valve  being  divided  into  the  three  compartments  A,  B, 
and  C,  which  can  be  opened  one  at  a  time  by  the  power  of  one  man. 

Another  point  of  much  importance  was  the  adoption  of  means 
by  which  the  water  could  be  immediately  shut  off  in  case  of  the 
bursting  of  a  large  main ;  and  this  object  was  effected  by  the  self- 
acting  closing  valve  invented  by  Sir  William  Armstrong.  Sevend 
of  these  valves  were  constructed  and  were  brought  into  action  on 
several  occasions,  when  they  proved  most  efficacious  in  arresting 
the  escape  of  water  and  preventing  serious  damage.  These  valves 
were  afterwards  introduced  in  the  Liverpool  "Water  Works,  and  a 
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description  of  them  is  given  in  the  paper  on  those  works  by  Mr. 
Dnncan  at  a  former  meeting  of  the  Institution  (see  Proceedings 
Inst.  M.  E.,  1863,  page  174) ;  they^were  also  introdnced  in  the 
Glasgow  Water  Works,  as  mentioned  again  in  the  paper  by  Mr.  GkJe 
on  the  subject  (see  Proceedings  Inst.  M.  E.,  1864,  page  134).  The 
great  value  of  these  valves  is  in  the  early  stage  of  the  works,  when 
the  pipes  are  first  filled  and  subjected  to  the  pressure  they  will 
ultimately  have  to  sustain ;  but  the  valves  should  always  be  kept 
in  working  order,  as  pipes  occasionally  burst  afber  years  of  work, 
without  anything  to  account  for  the  occurrence.  In  the  Manchester 
Water  Works  some  of  these  valves  are  discontinued,  but  others  in 
suitable  situations  are  kept  in  constant  adjustment  and  are  made  to 
communicate  with  an  alarum  in  the  waterman's  house,  so  that  in  the 
event  of  a  pipe  bursting  and  the  valve  closing  he  is  instantly  apprised 
of  the  accident. 

In  order  to  provide  against  the  shock  caused  by  stopping  a 
large  column  of  water  many  miles  in  length  and  flowing  at  a  speed 
of  several  feet  per  second,  a  momentum  valve  opening  outwards 
is  placed  upon  the  main  behind  each  of  the  large  stop  valves 
and  self-acting  closing  valves ;  and  a  description  of  this  valve  is 
also  given  in  the  former  paper  already  referred  to  (see  Proceedings 
Inst.  M.  E.,  1863,  page  175).  These  valves  were  also  first  used  in 
the  Manchester  Water  Works. 

Self-acting  valves  called  Reflux  Yalves  are  placed  in  the  large 
pipes  at  the  foot  of  all  hills  rising  in  the  direction  in  which  the 
water  flows,  for  the  purpose  of  preventing  the  water  from  flowing  back 
again  in  the  event  of  a  pipe  being  emptied  behind  the  valve  by  an 
accidental  burst  or  otherwise.  One  of  these  valves  in  the  40  inch 
main  is  shown  in  Figs.  10  and  11,  Plate  88,  the  flaps  being  made  of 
leather,  backed  with  cast-iron  plates.  The  valves  open  with  the 
current  of  water  in  the  direction  in  which  it  ordinarily  flows,  as 
indicated  by  the  arrow  in  Fig.  10,  and  close  if  the  current  is  changed 
into  the  contrary  direction. 

A  very  important  point  in  arranging  water  pipes  on  a  large 
scale  is  the  provision  of  ample  xneans  both  for  the  rapid  escape  of 
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air  from  the  pipes  dnring  the  time  they  are  being  filled  with  water, 
and  also  for  the  snbseqaent  discharge  of  tbe  air  wbich  escapes  from 
the  water  in  its  passage  throngh  the  pipes  and  accumulates  in  the 
npper  part  of  the  bends  formed  bj  inequalities  of  the  ground.  Both 
of  these  operations,  in  order  to  be  effectual,  should  be  spontaneooa 
or  self-acting ;  and  they  are  accomplished  by  means  of  the  Self- 
Acting  Air  Valve  shown  in  Fig.  12,  Plate  89,  which  is  mainly  the 
invention  of  one  of  the  writer's  early  assistants,  Mr.  Alfred  Moorey 
to  whom  also  is  due  the  system  of  separating  clear  and  turbid  water 
as  previously  described.  The  construction  shown  in  the  drawing 
combines  two  air  valves  in  a  single  casting,  the  large  aperture  A 
of  3|  inches  diameter  being  intended  for  the  escape  of  the  large 
quantity  of  air  while  the  pipes  are  being  filled  with  water,  and  the 
small  hole  B  of  l-8th  inch  diameter  for  the  esci^  of  the  air 
cu3cumulating  in  the  pipes  when  full  of  water.  The  gutta-percha 
balls  G  and  D  forming  the  valves  are  each  5  inches  diameter,  and 
when  the  pipes  are  empty  they  drop  into  the  positions  shown  by 
the  dotted  circles ;  but  as  soon  as  the  water  reaches  them  they  are 
floated  upwards,  and  close  the  apertures  A  and  B,  preventing  the 
escape  of  the  water.  The  ball  D  closing  the  small  hole  B  is  made 
of  such  specific  gravity  that  its  own  flotation  together  with  the  small 
pressure  corresponding  to  the  area  of  the  minute  orifice  B  is  only 
just  sufficient  to  hold  it  up  against  the  orifice ;  and  consequently, 
whenever  the  flotation  is  diminished  by  the  slightest  accumulation 
of  air  at  the  valve,  the  ball  feJls  away  from  the  orifice  and  allows 
the  air  to  escape ;  after  which  the  orifice  is  again  closed  by  the  ball 
rising  with  the  water. 

A  simple  form  of  Hydrant  or  Fire-Gock  has  also  been  constructed, 
as  shown  in  Figs.  13  to  15,  in  which  a  gutta-percha  ball  E  is 
employed  as  the  valve,  being  dosed  by  the  pressure  of  the  water, 
as  shown  in  Fig.  14;,  against  a  leather  and  vulcanised  india-rubber 
seating.  The  cast-iron  box  G-  containing  the  valve  is  bolted  to  a 
vertical  branch  attached  to  the  water  main,  and  when  not  in  use  the 
outlet  of  the  valve  is  closed  by  a  loose  stopper,  and  the  whole  is 
protected  from  injury  by  a  cast-iron  cover  similar  to  the  ordinary 
cover  for  protecting  street  cocks.    For  opening  the  fire-cock  the  top 
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coyer  is  removed,  and  a  standpipe  H  is  attached  throngh  whicli 
the  water  is  drawn  off.  The  screwed  collar  I  on  the  bottom  of  the 
standpipe  fits  nnder  two  Ings  K  on  the  top  of  the  valve  box,  and  the 
standpipe  being  then  screwed  down  forms  a  water-tight  joint  by 
means  of  a  leather  washer  on  the  bottom.  A  spindle  J  passes 
down  the  centre  of  the  standpipe,  working  through  a  stnffing*box 
and  screwed  bearing  at  the  top  and  through  a  guide  below,  and 
terminating  at  the  bottom  in  a  cup  which  fits  the  ball  valve  £  ;  so 
that  by  turning  the  spindle  by  the  handle  at  the  top,  the  ball  is 
depressed,  and  the  water  flows  out  through  the  standpipe  H.  This 
standpipe  is  attached  in  a  few  seconds;  and  as  the  opening  and 
closing  of  the  valve  is  effected  gradually  by  the  employment  of  the 
screwed  spindle  J,  all  concussion  is  avoided. 

The  sluice  valves  shown  in  Plate  87,  for  discharging  the  water 
of  the  large  reservoirs  in  Longdendale,  are  fixed  at  the  outer  end  of 
the  outlet  pipes,  which  are  48  inches  diameter.  They  consist  of 
three  slides  or  compartments  A,  B,  and  G,  Fig.  9,  forming  together 
a  complete  circular  area,  which  may  be  opened  either  separately  or 
together.  Each  slide  is  opened  by  means  of  a  gun-metal  spindle  D 
passing  through  a  stuffing-box,  the  upper  portion  being  cut  into 
a  square-threaded  screw  working  in  a  gun-metal  bush  fixed  in 
headstocks.  They  are  opened  and  shut  by  worm-wheel  gearing,  as 
shown  at  O  in  Fig.  16,  Plate  90.  One  man  can  with  some  difficulty 
open  one  compartment  at  a  time  when  the  valve  is  under  70  or 
80  feet  of  pressure.  Two  men  can  dp  the  work  easily ;  but  at  the 
two  deepest  reservoirs,  the  Woodhead  and  Torside,  the  operation 
of  closing  and  opening  is  performed  by  the  agency  of  a  small 
turbine  wheel,  supplied  with  water  for  power  from  watercourses 
above  the  level  of  the  reservoir.  This  is  shown  in  Fig.  16,  and 
to  a  larger  scale  in  Fig.  17.  The  turbine  H,  of  which  a  plan 
is  given  in  Fig.  18,  is  geared  by  the  spur  wheel  and  pinion  J 
to  the  worm-wheel  gearing  G  working  the  valve  spindles  DDD ; 
and  the  water  for  driving  the  turbine  is  admitted  to  it  through 
the  pipe  K  by  a  hand  stop-valve  at  L  in  the  supply  pipe  M.  A 
self-acting  slide-valve  is  placed  at  I,  connected  to  levers  worked 
by  tappets  upon  the  valve  spindles  D,  whereby  the  water  is  shut  off 
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from  the  supply  pipe  K  of  the  turbine  and  tnmed  into  the  waste 
pipe  N,  as  soon  as  the  main  sluice  yalve  is  either  fhllj  opened  or 
folly  closed ;  this  arrangement  prevents  the  possibility  of  accident, 
should  the  attendant  neglect  to  stop  the  turbine  in  time  by  the 
hand  stop-valve  L. 

On  each  separate  conduit  for  collecting  spring  water  or  for 
conducting  water  from  the  large  impounding  reservoirs  to  the  city 
are  placed  G-auge  Sluices,  shown  in  Figs.  19  to  21,  Plate  91,  which 
act  not  only  as  stop-gates,  but  also  as  gauges  for  determining  the 
quantity  of  water  passing  along  each  conduit.  This  is  effected  by 
gauging  rods  placed  before  and  behind  the  sluice  A,  which  is  of 
definite  dimensions ;  and  by  an  index  B  which  rises  with  the  door 
of  the  sluice  and  indicates  the  extent  that  the  sluice  is  opened. 
This  index  is  shown  to  a  larger  scale  in  Figs.  22  and  23.  By 
taking  the  difference  in  the  level  of  the  water  behind  and  in  frx)nt 
of  the  sluice,  and  the  area  of  the  opening  through  which  the  water 
is  discharged,  the  application  of  the  proper  formula  determined 
by  experiment  affords  at  all  times  the  means  of  ascertaining  the 
quantity  of  water  passing  through. 

Where  the  water  is  finally  discharged  into  the  Godley  reservoir 
it  is  passed  through  a  basin  A,  Fig.  27,  Plate  92,  in  one  side  of 
which  a  Gauge  Plate  B  is  erected,  whereby  the  quantity  of  water 
passing  is  daily  measured.  This  plate  contains  three  rectangular 
openings,  each  6  feet  wide  by  6  inches  high,  but  with  the  approaches 
to  the  openings  varied,  as  shown  in  the  vertical  sections  Figs.  24, 25, 
and  26.  The  first  opening,  Fig.  24,  presents  a  flat  surface  and  knife- 
edge  to  the  water  flowing  out  through  it  in  the  direction  shown  by 
the  arrow,  and  has  a  curve  outside,  which  is  the  quadrant  of  a  circle 
of  2^  inches  radius ;  the  second  opening,  Fig.  25,  is  made  with  a 
curve  of  the  same  radius  placed  inside,  so  as  to  facilitate  the 
discharge  of  the  water;  and  the  third  opening,  Fig.  26,  has  a 
double  curve  of  the  same  radius,  so  as  to  present  a  curve  to  the 
water  both  in  entering  and  leaving.  These  three  different  openings 
were  arranged  for  the  purpose  of  careful  experiment,  and  the  facts 
determined  by  the  experiments  made  are  very  important.     The 
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ordinary  role  for  determming  tlie  practical  velocitj  of  the  discharge 
of  water  throagli  an  orifice  in  a  thin  plate  is  to  mnltipl j  tlie  sqoai^ 
root  of  the  bead  or  pressnre  hj  the  coefficient  5*1  or  5*4.  The 
coefficients  for  velocity  however,  determined  by  the  experiments 
made  with  these  three  openings,  were  5*6  for  the  opening  with  the 
curve  outside,  7*0  for  the  curve  inside,  and  7'6  for  the  double 
curve  both  inside  and  outside;  the  third  opening  thus  giving  a 
velocity  nearly  equal  to  the  whole  theoretical  velocity  due  to  the 
height  of  fall,  for  which  the  coefficient  is  8*04.  The  openings  in  ihe 
gauge  plate  were  entirely  submerged  on  the  inside,  the  depth  of 
water  in  the  basin  A,  Fig.  27,  varying  from  about  1  foot  to  4  feet 
above  the  centre  of  the  openings ;  and  the  water  had  a  free  discharge 
on  the  outside,  as  indicated  in  Fig.  27,  &lling  into  a  tank  G  of  a 
given  size,  so  that  the  quantity  passing  during  any  time  was 
correctly  measured. 

Before  the  water  leaves  the  Godley  reservoir  and  again  before  it 
leaves  the  Denton  service  reservoirs,  it  is  strained  through  copper 
wire-gauze  strainers,  the  whole  vertical  area  through  which  the 
water  passes  being  about  800  square  feet.  The  copper  wire-gauze 
first  tried  consisted  of  72  strands  per  square  inch,  but  that  was 
found  to  be  too  fine,  as  the  apertures  got  rapidly  closed,  and  the 
gauze  became  as  tender  as  brown  paper  and  was  easily  torn  and 
broken.  The  gauze  now  used  consists  of  copper  wire  made  with  40 
strands  per  square  inch,  which  seems  well  suited  for  the  purpose. 
No  other  filtration  of  the  water  is  attempted  or  needed,  as  the  water 
is  always  perfectly  pure.  The  service  reservoirs  are  firom  18  to  20  feet 
deep,  careMly  paved  on  the  slopes  and  bottom,  and  there  is  no 
vegetation  in  the  reservoirs  or  in  the  conduits ;  and  the  only  object 
of  the  strainers  is  to  prevent  extraneous  floating  matter  in  the  water 
from  passing  into  the  pipes.  The  system  of  separation  adopted  as 
previously  described  wholly  supersedes  the  necessity  of  filtration. 

There  remains  to  be  noticed  the  means  adopted  for  Gauging  the 
Compensation  Water  that  has  to  be  given  off  to  the  millowners. 
This  is  shown  in  Fig.  28,  Plate  93,  which  is  a  general  plan  of  the 
arrangement,  and  Fig.  29  is  a  longitudinal  section  through  the 
gauge  basin  and  test  basin;  Figs.  80  to  34,  Plate  94,  show  the 
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principal  details  to  a  larger  scale.  The  water  is  first  admitted  into 
the  masonry  gauge  basin  A,  in  which  the  level  is  careMlj  regulated 
by  means  of  sluices  B.  It  then  passes  through  two  apertures  in 
vertical  gauge  plates  G,  by  which  the  quantity  of  water  passing 
through  may  be  accurately  computed  according  to  the  pressure  on 
the  aperture,  by  employing  the  coefficient  determined  by  the  Godley 
experiments.  In  order  to  ensure  a  uniform  discharge  of  water 
under  a  varying  head,  the  gauge  plates  C,  Figs.  80  to  32,  are  each 
fitted  with  a  slide  actuated  by  the  float  D,  whereby  the  size  of  the 
gauging  orifice  is  rendered  self-adjusting,  and  varies  inversely  as 
the  height  of  the  water  in  the  gauge  basin  A,  thus  giving  a  constant 
discharge.  But  in^  order  to  prevent  the  possibility  of  dispute,  the 
water  discharged  &om  each  gauge  aperture  G  into  the  river  below 
is  carried  by  a  trough  E  across  a  square  test  basin  G,  30  feet  square 
and  10  feet  deep.  In  the  bottom  of  each  trough  E,  Fig.  30,  is 
placed  a  tumbler  I  in  a  horizontal  position,  turning  on  an  axis  in 
the  centre,  and  this  tumbler  ordinarily  forms  the  floor  of  the  trongh 
and  the  water  passes  over  it,  as  shown  enlarged  in  Fig.  83.  But  on 
drawing  back  the  hand  lever  H  into  the  position  shown  by  the 
dotted  line,  so  that  the  extremity  of  the  tumbler  just  clears  the 
edge  F  of  the  trough,  the  tumbler  is  instantaneously  reversed  by 
the  stream  of  water  and  turned  vertically  across  the  trough,  where 
it  is  caught  by  the  stop  J,  as  shown  in  Fig.  34.  In  this  position 
the  water  is  discharged  through  the  opening  in  the  bottom  of  the 
trough  into  the  test  basin  below,  and  at  the  same  time  the  tumbler 
opposes  an  efiectual  barrier  to  its  passing  along  the  trough  beyond 
the  opening.  The  previous  level  of  the  water  in  the  basin  being 
noted,  together  with  the  time  at  which  the  stream  is  turned  into  it, 
the  tumbler  is  again  replaced  at  the  end  of  a  given  interval  in  its 
original  position  shown  in  Fig.  33,  by  raising  the  stop  J  by  the 
handle  K  so  as  to  release  the  tumbler ;  the  discharge  of  the  water 
into  the  test  basin  is  thus  instantly  arrested,  and  the  water  allowed 
to  pass  along  the  trough  E  as  before  into  the  river  below.  The 
height  to  which  the  basin  has  been  filled  during  the  time  noted  is 
then  ascertained,  and  the  quantity  discharged  is  thereby  aecorately 
determined.     This  gauge  is  open  to  the  inspection  of  all  who  are 
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interesied  in  the  supply  of  tlie  compensation  water,  and  the  quantity 
discbarged  may  at  any  time  be  tested  by  this  means. 


Mr.  W.  Fairbairn  regretted  that  Mr.  Bateman  was  prevented 
from  being  present  at  the  meeting ;  and  among  the  various  features^ 
of  the  works  that  had  been  described  in  the  paper  just  read,  one  of 
the  most  interesting  he  thought  was  the  very  simple  arrangement 
for  separating  the  turbid  water  from  the  pure  in  the  streams 
supplying  the  storage  reservoirs.  In  time  of  floods  the  water  was 
found  to  be  so  turbid  as  to  be  unfit  for  immediate  domestic  use,  and 
by  the  simple  means  of  a  narrow  transverse  slot  across  the  bed 
of  the  stream  the  separation  of  the  turbid  water  was  effected  with 
complete  success,  and  the  arrangement  was  entirely  self-acting; 
the  turbid  water  of  the  swollen  stream  overshot  the  aperture  and 
passed  on  down  the  river,  while  the  pure  water  when  the  stream 
bad  become  reduced  to  its  natural  size  dropped  through  the  slot 
and  was  led  away  to  the  city  or  into  special  reservoirs.  The 
plan  of  dividing  the  large  sluice  valves  into  three  portions,  so  as 
to  allow  of  opening  at  first  a  small  portion  only  of  the  entire  area, 
instead  of  having  to  open  the  whole  valve  at  once,  was  found  to 
answer  very  well,  enabling  one  man  to  open  and  close  the  valves 
of  the  large  mains,  as  the  pressure  was  to  a  great  extent  relieved 
off  the  valve  as  soon  as  a  small  area  was  opened  for  the  passage 
of  the  water.  The  self-acting  air  valves  for  allowing  a  constant 
escape  of  the  air  accumulating  in  the  water  pipes  were  found 
to  act  very  efficiently,  the  smaller  air-hole  being  opened  by  the 
descent  of  the  ball  whenever  there  was  the  slightest  accumulation 
of  air,  and  as  soon  as  the  air  had  escaped  the  ball  I'ose  again  and 
closed  the  orifice,  preventing  any  escape  of  water.  The  hydrant  or 
fire-cock  made  with  the  gutta-percha  ball  valve  was  now  coming 
into  general  use  both  in  this  country  and  abroad,  on  account  of  its 
convenience  and  great  simplicity  of  construction. 

Dr.  Downing  enquired  about  the  sectlbns  of  the  apertures  in  the 
gauge  plate  at  Godley  reservoir  (Figs.  24,  25,  and  26),  whether  they 
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He  understood  also  that  syphons  had  been  partially  employed  for  the 
purpose,  €uid  enquired  what  had  been  the  effect  obtained  with  them. 

Mr.  W.  Fairbairn  replied  that  the  construction  of  the 
embankments  for  the  storage  reservoirs  had  been  attended  with 
great  difficulties,  and  the  case  was  very  different  from  that  of  the 
Loch  Katrine  Water  Works,  where  the  supply  of  water  was  already 
impounded  by  walls  of  solid  rock  consisting  of  the  hardest  mica 
slate,  and  it  was  only  necessary  to  cut  a  passage  for  drawing  off  the 
water.  At  the  Longdendale  reservoirs  on  the  contrary  the  ground 
on  both  sides  of  the  valley  had  been  disturbed  by  landslips,  and  was 
still  subject  to  occasional  movements  by  subsidence  or  settlement. 
The  discharge  pipes  firom  the  reservoirs  had  been  laid  in  the  solid 
ground  beneath  the  embankments.  In  the  case  of  the  Rhodeswood 
reservoir  no  alteration  had  taken  place  in  the  pipes,  and  the  water 
was  still  discharged  by  this  means ;  but  at  the  Torside  reservoir, 
the  largest  of  the  three  great  reservoirs  in  the  valley,  the 
ground  beneath  the  embankment  had  become  stretched  by  the 
weight  of  the  superincumbent  material,  and  drew  the  pipes  to  some 
extent  asunder  at  the  socket  joints,  crushing  them  also  slightly. 
This  evil  had  been  obviated  by  driving  a  tunnel  through  the 
solid  hill  at  one  end  of  the  embankment  and  laying  fresh  discharge 
pipes  within  this  tunnel.  There  were  two  pipes  in  the  tunnel, 
one  4S  inches  diameter  and  the  other  24  inches,  the  latter  being 
a  syphon  pipe  by  which  the  last  15  feet  depth  of  water  could  be 
drawn  out  of  the  reservoir :  there  had  been  no  dif&culty  in  working 
this  pipe,  nor  in  other  cases  where  syphons  had  been  applied. 
The  use  of  a  syphon  for  discharging  water  from  reservoirs  had  first 
been  adopted  by  Mr.  Bateman  more  than  twenty  years  previously 
at  the  Belmont  reservoir  of  the  Bolton  Water  Works,  and  that 
pipe  had  been  in  occasional  use  ever  since.  The  whole  supply  of 
water  for  Glasgow  from  Loch  Elatrine  had  also  been  taken  off  for 
nearly  a  year  through  a  syphon  pipe  of  24  inches  diameter,  which 
rose  about  7  feet  above  the  level  of  the  lake  in  order  to  pass  over  the 
cofferdam  of  the  entrance  basin,  during  the  construction  of  that  work. 

The  President  moved  a  vote  of  thanks  to  Mr.  Bateman  for  his 
paper,  which  was  passed. 
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The  PfiESiDBNT  proposed  a  vote  of  thanks,  which  was  passed,  to 
Mr.  Charles  P.  Stewart  and  the  Local  Committee  for  the  excellent 
arrangements  they  had  made  for  the  meeting  of  the  Institution  in 
Manchester ;  and  also  to  the  authorities  of  the  Mechanics'  Institution 
for  their  kindness  in  granting  the  use  of  the  Lecture  Theatre  for 
the  purpose  of  the  meeting ;  and  to  the  several  Railway  Companies 
for  the  special  facilities  they  had  so  kindly  afforded  to  the  Members 
for  attending  the  Meeting  in  Manchester  and  the  Excursions  in 
connection  with  the  meeting. 

The  Meeting  then  terminated.  In  the  afternoon  the  Members 
visited  the  Whitworth  Ordnance  Works  and  the  various  engineering 
establishments  and  other  works  which  were  opened  to  their 
inspection  during  the  days  of  the  meeting. 

In  the  evening  the  Members  and  their  friends  dined  together, 
in  celebration  of  the  meeting  of  the  Institution  in  Manchester. 


On  Thursday,  2nd  August,  an  Excursion  was  made  by  the 
Members  from  Manchester,  to  visit  the  Cotton  Machineiy  Works 
and  Machine  Brick  Works  of  Messrs.  Piatt  at  Oldham,  and  some 
of  the  Cotton  Mills  adjoining ;  and  the  Members  were  very  hand- 
somely entertained  by  Mr.  John  Piatt,  M.P.,  at  his  residence, 
Wemeth  Park,  They  returned  in  the  afternoon  by  special  free 
train,  granted  by  the  Lancashire  &  Yorkshire  and  Manchester 
Sheffield  &  Lincolnshire  Railways,  visiting  Messrs.  Beyer  Peacock 
and  Co.'s  Locomotive  Works  at  Gorton,  and  the  Ashbury  Co.'s 
Railway  Carriage  and  Iron  Works  at  Openshaw. 

On  Friday,  3rd  August,  an  Excursion  was  made  by  the  Members 
from  Manchester  by  special  train,  on  the  invitation  of  the  President, 
to  his  residence,  Stancliffe  Hall,  Derbyshire,  where  they  were  most 
hospitably  received  and  entertained  by  the  President ;  visiting  also 
Chatsworth  and  Haddon  Hall. 


PEOCEEDINGS. 


15  November,  1866. 


The  G-ENERAL  Meeting  of  the  Members  was  held  in  the  Lecture 
Theatre  of  the  Midland  Institute,  Birmingham,  on  Thursday, 
15th  November,  1866 ;  Sampson  Lloyd,  Esq.,  Vice-President,  in  the 
Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  announced  that  the  President,  Vice-Presidents, 
and  five  Members  of  the  Council  in  rotation,  would  go  out  of  office 
in  the  ensuing  year,  according  to  the  Rules  of  the  Institution ;  and 
that  at  the  present  meeting  the  Council  and  Officers  were  to  be 
nominated  for  the  election  at  the  Anniversary  Meeting. 

The  following  Members  were  nominated  by  the  meeting  for  the 
election  at  the  Anniversary  Meeting : — 

PRESIDENT. 

John  Penn,        ....    London.    • 

VICE-PRESIDENTS. 

(Six  of  the  numher  to  he  elected.) 
Charles  F.  Beter,     .         .         .  .  Manchester. 
William  Clay,        .        .        .        Liverpool. 
Edward  A.  Cowper,   .         .        .    London. 
Thomas  Hawksley,  .        .        .        London. 
Robert  Hawthorn,     .        .        .    Newcastle-on-Tyne. 
Edward  Humphrys,         .        .        London. 
Sampson  Lloyd,  .        .        .    Wednesbury. 

Henry  Maudslay,   .        .        .        London.* 
W.  Montgomerib  Neilson,  .    Glasgow. 

John  Ramsbottom,  .         .  Crewe. 

0  2 
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COUNCIL. 

(Five  of  the  numher  to  he  elected.) 


Alexander  Allan, 
Charles  Edwards  Amos, 
John  Anderson, 
Frederick  J.  Bramwell, 
Robert  Broad,  . 
Charles  Cochrane, 
Thomas  Greenwood,  . 
William  Menelaus, 
C.  Willum  Siemens,  . 


Worcester. 

London. 

Woolwich.. 

London. 

Tipton. 

Dudley. 

Leeds. 

Merthyr  Tydvil. 

London. 


The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
bj  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected : — 


members. 
Samuel  Baker,  . 
George  Barker, 
John  Addison  Birkbeck, 
William  Craven,    . 
Alfred  C.  Downey,    . 
John  Elge,     . 
James  Fletcher,  Jun., 
Peter  Botesen  Flood, 
John  Simpson  Fraser, 
Albert  Fry,   . 
William  Jennings  Hoyle,  . 
Herrmann  Frederic  Jaeger, 
William  Blake  Lambert,    . 
Joseph  Letgh, 
George  Little,  . 
Edward  Lord, 
Andrew  Muir,   . 
William  Oliver,    . 


Liverpool. 

Stoke-upon-Trent. 

Chesterfield. 

Manchester. 

Middlesbrough. 

Manchester. 

Manchester. 

Durham. 

London. 

Bristol. 

Manchester. 

Manchester. 

Berwick-upon-Tweed. 

Patricroft. 

Oldham. 

Todmorden. 

Manchester. 

Chesterfield. 
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George  Peel,  Jun.,    . 
Thomas  Edward  Day  Plum, 
Charles  Talbot  Porter,    . 
John  Price,    . 
William  Putnam, 
James  Bamsden, 
Edward  Windsor  Richards, 
Thomas  Robson, 
Edward  Fisher  Smith, 
William  Smith, 
Robert  Watson, 
Emilb  Watte  eu, 

WiLLUM  WrAT,  . 


associate. 


John  Grosslet,  . 


graduates. 
Robert  Harry  Humphrys,  . 
Frederick  Ryland, 


Mancliester. 

Manchester. 

Manchester. 

Sunderland. 

Darlington. 

Ulverstone. 

Ebbw  Vale. 

Fence  Houses. 

Dudley. 

Glasgow. 

Bishop  Auckland. 

Middlesborough. 

Burton  Stather. 

St.  Helen's. 

London. 
Westbromwich. 


The  following  paper  was  then  read : — 
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ON  SELLERS'  SELF-ADJUSTING  INJECTOR, 
AND  OTHER  IMPROVEMENTS  ON  GIFFARD'S  INJECTOR. 


By  Mb.  JOHN  ROBINSON,  of  Manchesteb. 


In  the  experience  of  tlie  working  of  Giffard's  Injector  for  the 
supply  of  water  to  steam  boilers,  which  has  now  come  so  extensirelj 
into  use  both  in  this  country  and  abroad,  various  requirements  have 
been  found  to  arise ;  and  for  the  purpose  of  meeting  these,  several 
improvements  of  the  instrument  have  been  introduced,  one  of  the 
most  remarkable  of  which  is  an  arrangement  invented  by  Mr. 
William  Sellers  of  Philadelphia,  the  manufacturer  of  the  injector 
in  the  United  States,  to  obviate  the  necessity  of  adjusting  by  hand 
the  quantity  of  water  supplied  to  the  injector,  and  thus  render  the 
instrument  to  that  extent  self-adjusting. 

In  the  original  Giffard*s  injector  shown  in  Fig.  1,  Plate  95, 
the  quantity  of  water  allowed  to  reach  the  combining  cone  B  is 
adjusted  by  means  of  the  external  regulating  hand-screw  F,  which 
by  raising  or  depressing  the  steam  cone  A  increases  or  diminishes 
the  annular  opening  for  water.  In  Sellers*  self-adjusting  injector 
this  opening  is  adjusted  by  the  application  of  a  piston  in  a  cylinder, 
actuated  by  the  amount  of  pressure  or  of  vacuum  existing  alternately 
in  the  overflow  chamber,  according  as  the  supply  of  water  is  in 
excess  or  deficient. 

The  construction  of  the  self-adjusting  injector  is  shown  in  the 
vertical  section,  Fig*.  4,  Plate  96,  with  the  working  portion  enlarged 
in  Fig.  6.  A  is  the  steam  cone,  B  the  combining  cone,  C  the 
receiving  cone;  and  the  admission  of  steam  through  the  steam 
cone  A  is  regulated  as  hitherto  by  the  handle  D  of  the  steam 
spindle  I.  The  combining  cone  B  at  its  base  is  so  made  as  to 
form  a  piston  E,  which  separates  the  water  chamber  G  from  the 
overflow  chamber  0.      The  interval  J  forms  the  entrance  to  the 
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receiving  cone  C,  and  also  to  the  overflow  chamber  O,  as  shown  in 
the  transverse  section,  Fig.  6.  The  boiler  valve  H  prevents  the 
water  returning  from  the  boiler ;  and  K  is  a  waste  cock,  which  when 
open  allows  the  water  and  steam  to  issne  into  the  atmosphere. 

The  mode  of  working  the  instrument  is  as  follows.  The  waste 
cock  K  being  first  opened,  the  supply  of  water  admitted  from  the 
tank  is  allowed  to  flow  out  through  the  waste ;  and  the  steam  being 
then  turned  on  bj  the  handle  D,  an  immediate  increase  takes  place 
in  the  volume  of  water  escaping  at  the  waste  cock,  showing  that  the 
jet  has  been  established.  The  waste  cock  is  then  closed,  and  the 
water  flows  into  the  boiler  through  the  valve  H.  In  case  there 
should  be  too  much  water  admitted  to  the  combining  cone  B,  the 
superabundance  will  be  driven  into  the  overflow  chamber  below  the 
piston  E,  and  will  raise  the  piston  so  as  to  diminish  the  annular 
space  between  the  combining  cone  B  and  the  steam  cone  A,  and 
thus  reduce  the  water  supply  until  the  quantity  admitted  is  in  exact 
proportion  to  the  supply  of  steam.  The  relative  positions  of  these 
cones  will  then  remain  the  same  until  some  change  takes  place  in 
the  pressure  of  the  steam.  Supposing  the  pressure  of  the  steam 
in  the  boiler  should  increase,  so  that  a  larger  quantity  of  steam 
is  discharged  through  the  steam  cone,  the  increased  velocity  of  the 
jet  will  carry  along  with  it  into  the  boiler  some  of  the  water  which 
had  previously  escaped  through  the  opening  J  into  the  overflow 
chamber,  and  will  thus  produce  a  partial  vacuum  under  the  piston ; 
the  pressure  of  the  water  will  then  cause  the  piston  to  recede  from 
the  steam  cone  and  admit  more  water,  until  the  proper  proportion 
is  again  established.  At  the  junction  of  the  water  branch  G  with 
the  main  body  of  the  injector  a  small  valve  L  is  provided,  Fig.  5, 
opening  outwards ;  and  the  escape  of  steam  from  this  valve  gives 
warning  that  the  injector  has  ceased  working  from  want  of  water, 
similarly  to  the  escape  of  steam  from  the  overflow  pipe  M  in  the 
original  injector.  Fig.  1. 

In  many  boilers,  such  as  those  having  a  small  water  and  steam 
capacity  compared  with  their  heating  surface,  and  where  the 
demand  for  steam  is  very  irregular,  the  variations  in  the  steam 
pressure  are  considerable  and  frequent,  and  the  amount  of  attention 
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required  for  regnlating  an  ordiuary  injector  becomes  somewhai 
inconvenient;  nnder  sncb  circumstances  the  iugenions  and  simple 
arrangement  now  described  for  rendering  the  injector  self-adjusting 
will  be  found  extremely  useful.  It  is  evident  that  this  arrangement 
of  injector  does  not  permit  any  overflow  to  take  place  afler  the 
injector  is  once  started.  Also  as  no  air  can  get  admission  to  the 
receiving  cone  of  the  injector,  in  consequence  of  there  being  no 
open  overflow  pipe,  the  entering  water  jet  is  not  impeded  in  its 
progress  by  the  contact  of  air  tending  to  enter  with  it.  In  injectors 
having  an  open  overflow,  air  can  gain  access  to  the  entering  water 
jet,  and  the  quantity  of  water  passing  into  the  boiler  is  consequently 
diminished. 

An  arrangement  for  rendering  the  self-adjusting  injector  also 
self-starting  has  been  contrived  at  the  writer's  works,  in  order  to 
obviate  the  necessity  for  opening  and  closing  by  hand  the  waste 
cock  K,  Fig.  4 ;  for  when  this  cock  has  to  be  opened  and  closed  by 
hand  by  the  attendant  at  each  time  of  starting  the  injector,  it 
increases  the  number  of  manipulations,  and  may  therefore  perhaps 
be  considered  as  a  slight  objection  to  the  instrument  in  that  form. 
In  the  improved  self-starting  injector,  shown  in  Fig.  7,  Plate  97, 
and  enlarged  in  Fig.  8,  the  spindle  of  the  boiler  valve  H  carries  a 
smaller  conical  valve  S,  which  when  the  injector  is  not  at  work  is 
always  kept  open  by  the  pressure  of  the  boiler  upon  the  valye  H,  as 
shown  in  Fig.  8.  When  therefore  the  steam  is  first  turned  on  for 
starting  the  injector,  the  water  is  at  first  allowed  by  the  valve  S  to 
escape  through  the  waste  pipe  Q ;  but  .as  soon  as  the  jet  is 
established,  the  valve  H  opens  to  the  boiler,  and  at  the  same  time 
closes  the  conical  valve  S,  and  stops  the  escape  through  the  waste 
pipe,  as  shown  in  Ftg.  7.  This  arrangement  has  the  advantage  not 
only  of  rendering  unnecessary  the  opening  and  closing  by  hand  of 
the  waste  cock,  but  also  of  showing  very  clearly  when  the  injector 
ceases  working ;  because  when  that  happens  the  boiler  valve  H  is 
closed  by  the  back  pressure  from  the  boiler,  thereby  opening 
simultaneously  the  valve  S  and  allowing  the  steam  and  water  to 
escape  througb  the  waste  pipe  Q. 
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In  Fig.  2,  Plate  95,  is  shown  the  improved  arrangement  of  the 
ordinary  injector  with  hand  adjustment,  designed  by  the  writer  and 
Mr.  Gresham,  which  has  now  come  into  extensive  use  in  place  t>f  the 
original  form  of  injector.  In  the  original  injector,  shown  in  Fig.  1, 
the  combining  cone  B  and  receiving  cone  C  are  stationary,  and  the 
admission  of  water  is  regulated  by  sliding  longitudinally  the  steam 
cone  A,  which  is  carried  upon  the  extremity  of  a  hollow  cylinder  N, 
passing  through  a  stuffing-box  at  the  top  of  the  instrument,  and 
requiring  also  an  internal  ring  of  packing  at  P,  in  order  to  prevent 
the  steam  from  blowing  through  into  the  water  chamber.  With 
high  pressure  steam,  such  as  120  lbs.  having  a  temperature  of 
350^  Fahr.,  this  internal  packing  becomes  injured  by  the  constant 
exposure  to  the  high  temperature  whilst  working,  and  involves  the 
trouble  of  frequent  renewal ;  and  in  order  to  obviate  this  difficulty, 
the  improved  injector  shown  in  Fig.  2  is  constructed  with  the 
converse  arrangement  of  the  cones,  the  steam  cone  A  being  made  a 
fixture  in  the  instrument,  while  the  combining  cone  B  and  receiving 
cone  G  are  cast  together  in  a  single  piece  sliding  longitudinally, 
and  are  moved  by  the  internal  rack  and  pinion  B.  By  this 
means  the  necessity  for  any  internal  packing  is  avoided,  as  no 
internal  steam-tight  joint  is  required ;  and  at  the  same  time  the 
stuffing-box  at  the  top  of  the  sliding  cylinder  N,  Fig.  1,  is  also  done 
away  witb.  The  sliding  cones  B  and  C,  Fig.  2,  require  only  to  be 
turned  originally  to  an  easy  fit  in  their  external  cylindrical  guides, 
as  it  is  not  necessary  for  these  joints  to  be  absolutely  water-tight. 
The  only  additional  requirement  involved  in  this  arrangement  is 
the  stuffing-box  for  the  spindle  of  the  pinion  R,  which  is  packed 
externally  and  has  only  to  be  made  water-tight,  in  contrast  with  the 
internal  steam-tight  packing  P  in  the  original  injector.  Fig.  1. 

The  progress  that  has  been  made  in  increasing  the  delivery  of 
water  by  the  improvements  efiected  in  the  injector  is  shown  in  the 
accompanying  table,  which  gives  the  deliveries  obtained  at  different 
pressures  of  steam  with  the  self-adjusting  injector  and  the  rack  and 
pinion  injector,  in  comparison  with  the  theoretical  delivery  as 
originally  calculated  by  M.  GKffard : — 
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Pressnreof 
Steam. 

Lbs.  per 
square  inch. 


Deliveiy  in  gaUona  per  hour. 


GifTard'B 
oriiriDal 
calciuation. 


Rack  and  Pinion 


Self-AdjiiBtuig 


Fig.  2,  Plate  95. 

Tig.  %  Plate  M. 

GaU. 

GalL 

420 

480 

590 

655 

665 

780             ' 

745 

865 

780 

900 

936 

1081 

Temperatnre  of  supply  water  85**  Fahr. 

From  this  table  it  will  be  seen  that  considerable  progress  has  been 
made  in  developing  the  capabilities  of  the  injector  since  it  left  the 
hands  of  the  inventor.  In  the  case  of  the  rack  and  pinion  injector, 
shown  in  Fig.  2,  the  increased  delivery  may  be  attributed  partly  to 
the  better  vacuum  obtained  in  the  water  chamber  by  the  adoption 
of  the  fixed  steam  nozzle  without  packing,  and  partly  to  the  more 
perfect  concentration  of  the  steam  current  upon  the  water  current, 
in  consequence  of  the  greater  length  to  which  the  steam  cone  A  is 
inserted  into  the  combining  cone  B.  In  the  case  of  the  self- 
adjusting  injector,  shown  in  Fig.  4,  the  steam  cone  A  is  also  fixed  ; 
and  as  the  exact  quantity  of  water  which  the  steam  is  capable  of 
taking  up  is  always  admitted  to  the  instrument  by  its  self-adjusting 
property,  it  is  evident  that  the  injector  once  having  the  steam 
adjusted  for  the  maximum  delivery  continues  to  deliver. the  maximum 
quantity  of  water  which  the*  pressure  of  the  steam  at  any  moment 
renders  possible.  On  the  other  hand,  in  the  case  of  an  injector 
requiring  the  water  admission  to  be  adjusted  by  hand,  it  is  impossible 
for  the  injector  to  produce  constantly  the  maximum  effect  of  water 
delivery  when  there  is  a  continual  variation  in  the  pressure  of 
steam,  because  the  water  supply  cannot  in  ordinary  practice  be 
constantly  adjusted  by  hand  to  suit  the  varying  pressure. 

There  appears  to  the  writer  to  be  a  possible  drawback  to  the 
application  of  these  self-adjusting  injectors  in  cases  where  a  high 
temperature  of  supply  water  is  to  be  used,  and  especiaUy  where  that 
temperature  varies,  as  in  the  case  of  a  locomotive  engine.     This 
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drawback  consists  in  the  probability  that  under  such  circumstances 
the  injector  might  be  difficult  to  start,  because  there  is  no  open 
overflow  pipe  for  allowing  the  surplus  water  to  escape,  and  therefore 
a  greater  quantity  of  water  cannot  be  used  to  condense  the  steam 
jet  than  can  be  admitted  into  the  boiler  in  a  given  time  through  the 
receiving  cone  of  the  injector.  With  the  ordinary  open  overflow 
however  a  larger  quantity  of  water  than  can  obtain  access  to  the 
boiler  may  be  admitted  to  condense  the  steam  current,  the  surplus 
escaping  at  the  overflow;  and  thus  a  feed  can  be  established, 
although  overflow  may  at  the  same  time  take  place. 

A  simple  means  has  also  been  arranged  by  Mr.  Sellers  for  raising 
the  supply  water  by  the  action  of  the  injector  itself,  where  the 
supply  is  at  some  depth  below  the  level  at  which  it  is  convenient 
to  fix  the  injector.  The  arrangement  adopted  for  this  purpose  is 
shown  in  Fig.  8.  A  small  hole  is  drilled  up  the  centre  of  the  steam 
adjusting  spindle  I,  throughout  the  length  that  is  within  the  steam 
cone  A,  and  four  small  transverse  holes  at  the  top  admit  the  steam 
to  pass  down  through  the  interior  of  the  spindle  as  soon  as  the 
conical  valve  T  is  slightly  opened.  The  combining  cone  B  is  so 
arranged  as  not  to  close  the  water  passage  entirely  when  the  piston  E 
is  at  the  extremity  of  its  range,  as  shown  in  Fig.  8,  but  to  leave  still 
a  small  annular  space  for  the  admission  of  the  water  from  the  water 
chamber  O.  The  efiect  therefore  of  slightly  opening  the  valve  T  is 
to  allow  a  small  quantity  of  steam  to  issue  from  the  hollow  steam 
spindle  at  a  high  velocity,  and  pass  out  through  the  waste  pipe  Q, 
taking  with  it  any  air  which  may  exist  in  the  water  chamber  G ;  by 
this  means  a  greater  amount  of  vacuum  is  produced  in  the  water 
chamber  than  would  be  created  if  the  steam  were  allowed  to  pass  at 
a  lower  velocity  through  the  annular  orifice  of  the  steam  cone  A. 
The  conical  valve  T,  Fig.  8,  which  was  suggested  at  the  writer's 
works,  is  also  found  to  be  a  better  method  of  shutting  ofi*  the  steam 
than  by  stopping  the  steam  cone  A  with  the  end  of  the  spindle  I,  as 
in  Fig.  5  ;  and  the  application  of  the  valve  T,  Fig.  8,  reduces  the 
starting  process  to  one  operation,  because  when  the  water  from  the 
tank  and  the  steam  from  the  boiler  are  turned  on,  it  is  only  necessary 
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to  torn  up  the  steam  spindle  by  the  handle  D,  Fig.  7,  in  order  to 
start  the  injector. 

Endeavours  have  been  made  by  Mr.  Barclay  of  Kilmarnock  and 
others  to  construct  an  ordinary  Gifiard's  injector  in  such  a  manner 
that  it  will  draw  water  from  a  considerable  depth ;  and  this  has  been 
successfully  accomplished  to  the  extent  of  lifting  the  water  from  a 
depth  of  15  or  18  feet  below  the  water  chamber  of  the  injector,  the 
temperature  of  the  supply  water  being  60°  Fahr.  The  construction 
of  injector  employed  for  this  purpose  is  shown  in  Fig.  10,  Plate  98 ; 
and  the  success  is  attributable  to  the  care  taken  to  obtain  a  better 
vacuum  in  the  water  chamber  Q  by  means  of  double  stuffing- 
boxes  IJ  and  Y.  One  of  these  IT  prevents  the  escape  of  steam  into 
the  air,  and  the  other  Y  prevents  the  entrance  of  air  into  the  water 
chamber  O.  Considerable  importance  is  also  attached  to  the 
advantage  of  a  shielded  steam  cone  A,  shown  to  a  larger  scale 
in  Fig.  11,  the  extremity  of  the  cone  being  surrounded  by  an 
external  casing,  leaving  an  air  space  between  of  k  inch  width 
closed  at  the  bottom,  which  serves  as  a  non-conductor  to  prevent  tlie 
steam  from  being  cooled  and  cause  it  to  preserve  its  full  heat  to  the 
very  extremity  of  the  steam  nozzle.  The  steam  adjusting  spindle  I  is 
also  made  to  project  through  the  steam  cone  A  into  the  combining 
cone  B  in  the  same  way  as  in  the  original  injector,  Fig.  1,  so  as  to 
secure  not  only  an  annular  steam  jet  but  also  an  annular  combined 
jet;  and  the  spindle  is  steadied  near  the  extremity  by  the 
guide  X,  Fig.  11,  to  keep  it  truly  central  with  the  jet. 

Another  arrangement  of  injector  for  the  same  object  is  shown 
in  Fig.  12,  where  the  sliding  steam  nozzle  has  only  a  single  stuffing- 
box  W,  which  prevents  the  ingress  of  air  to  the  water  chamber ;  and 
the  steam  entrance  is  fixed  upon  the  sliding  steam  nozzle,  and  moves 
with  it,  so  as  to  preclude  the  necessity  for  a  second  stuffing-box  to 
prevent  leakage  of  steam.  This  construction  requires  however  a 
flexible  steam  pipe,  in  order  to  allow  for  the  motion  of  the  sHding 
steam  nozzle.  When  the  injector  is  used  for  lifting  water  from 
a  lower  level,  the  steam  cone  A  is  first  turned  down  by  the  regulating 
screw  F  to  its  extreme  lowest  position,  as  shown  by  the  dotted  lines, 
leaving  a  small  annular  passage  for  water  between  the  steam  cone 
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and  the  combining  cone.  The  steam  spindle  I  ifl  then  turned  once 
round,  which  gives  sufficient  opening  for  the  amount  of  steam 
required  to  exhaust  the  water  chamber  6.  A^s  soon  as  the  water  is 
seen  to  issue  from  the  overflow  pipe  M,  the  handle  F  is  turned  so  as 
to  raise  the  steam  cone  A  to  a  position  snited  to  the  pressure  in  the 
boiler,  and  the  steam  spindle  I  is  drawn  back  until  the  overflow 
ceases. 

It  is  evident  that  in  these  two  aiTangements  of  injector,  as  shown 
in  Figs.  10  and  12,  no  leakage  of  either  air  or  steam  into  the  water 
chamber  G  can  take  place,  to  impair  the  vacuum  capable  of  being 
produced  by  the  jet  of  steam  issuing  through  the  combining  cone. 


0 

The  Chairman  thought  the  self-adjusting  injector  described  in 
the  paper  just  read  was  a  remarkably  elegant  and  ingenious 
application  of  science  to  engineering  practice ;  and  he  enquired  how 
long  it  had  been  in  use,  and  whether  the  new  improvement  could  be 
adapted  to  injectors  already  existing  on  the  previous  plan. 

Mr.  Robinson  replied  that  the  self-adjusting  arrangement  had 
been  devised  with  special  refel*ence  to  locomotive  engines,  to  meet 
the  constant  variations  in  their  steam  pressure  during  ordinary 
work ;  and  a  great  number  of  the  improved  injectors  were  already 
in  use  on  locomotives  in  the  United  States,  and  it  was  now  being 
endeavoured  to  render  them  suitable  as  far  as  possible  to  the 
requirements  of  locomotives  in  England.  One  obstacle  at  present 
to  the  adoption  of  the  self-adjusting  injector  was  that,  as  the 
overflow  was  entirely  closed  in,  it  made  no  noise  when  at  work ;  and 
the  enginemen  did  not  like  a  quiet  injector,  having  been  accustomed 
to  the  old  injector  with  the  open  overflow  pipe,  which  they  preferred 
on  account  of  its  making  a  noise  in  working,  so  that  they  could  tell 
by  the  sound  when  it  was  at  work.  It  would  not  be  practicable  to 
alter  the  previous  injectors  to  the  self-adjusting  arrangement,  as  the 
extent  of  alteration  required  would  amount  to  nearly  as  much  as  a 
new  instrument. 
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Mr.  C.  W.  SiBMENS  remarked  tbat,  from  the  table  given  in  the 
paper  of  the  delivery  of  water  obtained  with  the  injector,  it  appeared 
that  with  a  steam  pressure  of  10  lbs.  the  actaal  delivery  obtained 
with  the  two  forms  of  injector  named  was  420  and  480  gallons  per 
hour  respectively,  while  the  calculated  delivery  was  pnt  down  at 
only  246  gallons ;  and  he  enquired  what  was  the  explanation  of  this 
difference,  and  how  it  was  that  the  delivery  of  the  self-adjusting 
injector  could  be  more  than  was  given  by  calculation. 

Mr.  Robinson  explained  that  the  quantities  put  down  in  the 
column  of  theoretical  delivery  were  those  obtained  from  M.  Gi&rd's 
original  calculation  of  the  delivery,  and  the  calculation  had  been 
found  to  be  incorrect,  having  been  exceeded  even  by  the  early 
injectors,  though  only  to  a  comparatively  small  extent  at  first. 
By  subsequent  improvements  however  in  the  proportions  of  the 
instruments,  the  maximum  delivery  had  been  still  further  increased, 
and  this  increase  had  been  much  more  considerable  in  England  than 
in  France.  Another  point  on  which  a  mistaken  idea  had  at  first 
been  entertained  was  the  area  of  the  steam  cone,  which  had  been 
made  smaller  in  proportion  for  higher  pressures  of  steam;  whereas  in 
reality  a  larger  area  was  requisite  with  a  higher  pressure,  in  order 
to  obtain  a  larger  quantity  of  steam  and  so  increase  the  velocity  of 
the  jet,  and  thus  overcome  the  increased  resistance  of  the  boiler; 
and  the  greater  degree  of  success  attained  in  England  with  the 
injector,  particularly  at  higher  pressures,  was  to  be  attributed  mainly 
to  the  adoption  of  a  larger  proportionate  area  for  the  steam  cone. 

Mr.  F.  J.  Bbamwell  remarked  that  the  quantities  given  in  the 
table  as  Grifiard's  original  calculation  appeared  to  increase  in  tbe 
proportion  of  the  square  root  of  the  increase  in  pressure,  the 
delivery  being  put  down  at  246  gallons  with  a  pressui^e  of  10  lbs., 
while  with  four  times  that  pressure  or  40  lbs.  the  delivery  was 
twice  as  great  or  493  gallons.  But  by  the  two  columns  of  actual 
delivery  given  in  the  table  it  appeared  that  the  ratio  of  increase  was 
somewhat  less  in  practice,  and  therefore  the  proportionate  difference 
between  the  calculated  quantity  as  given  in  the  table  and  the  actual 
delivery  obtained  in  practice  would  gradually  diminish  as  the 
pressure  increased. 
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The  Chairman  enquired  what  had  been  found  to  be  the  practical 
results  of  the  improved  injector  as  to  its  efficiency  in  working  on 
locomotive  engines. 

Mr.  Robinson  said  the  self-adjusting  arrangement  was  found  a 
great  improvement,  by  obviating  the  necessity  for  readjusting  the 
admission  of  water  to  the  instrument  whenever  any  fluctuation 
occurred  in  the  steam  pressure ;  this  adjustment  had  to  be  done  by 
hand  in  the  former  injectors,  and  the  engineman  could  not  always 
readily  attend  to  it  just  at  the  time  when  it  was  required.  Another 
objection  to  the  previous  injectors  was  the  constant  dropping  of 
water  from  the  overflow  pipe  whenever  the  steam  pressure  fell, 
which  was  a  great  nuisance:  this  was  entirely  obviated  in  the 
self-adjusting  injector,  not  merely  by  the  fact  of  its  being  self- 
adjusting  according  to  the  varying  pressure  of  the  steam,  but  also 
by  the  whole  instrument  being  entirely  closed  in,  so  that  no  escape 
of  water  at  the  overflow  was  possible  after  the  starting  cock  had 
been  closed  at  starting  the  injector  to  work. 

Mr.  C.  W.  Siemens  asked  whether  in  the  self-adjusting  injector 
the  piston  in  the  overflow  chamber  was  always  ready  to  act,  or 
whether  it  was  liable  to  stick ;  the  self-regulating  property  of  the 
instrument  appeared  to  require  considerable  delicacy  of  action  in 
the  piston,  especially  in  a  small  injector  having  a  piston  of  small 
area.  He  enquired  also,  in  regard  to  the  self-starting  injector  shown 
in  Fig.  7,  in  which  the  waste  pipe  was  closed  at  starting  by  the 
opening  of  the  boiler  valve  instead  of  by  hand,  whether  it  ever 
happened  that  the  area  of  opening  of  the  waste  pipe  was  sufficient 
to  discharge  the  whole  jet  of  the  injector,  so  that  the  boiler  valve 
would  not  be  opened  by  the  jet  at  all ;  and  he  asked  what  proportion 
was  adopted  for  the  relative  size  of  the  waste  aperture  in  order  to 
prevent  such  an  occurrence. 

Mr.  Robinson  replied  that  it  had  been  found  in  practice  that  the 
area  of  the  waste  aperture  must  not  be  more  than  H  times  the 
area  of  the  receiving  cone,  otherwise  the  jet  of  water  might  possibly 
continue  to  escape  from  the  instrument  without  producing  sufficient 
pressure  on  the  boiler  valve  for  opening  it  into  the  boiler.  With 
regard  to  the  piston   by  which   the  injector  was  rendered   self- 
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adjostiog,  it  had  certainly  been  feared  at  first  that  the  piston  wonld 
be  liable  to  stick,  especially  with  bad  water.  Bnt  it  was  foand  on 
the  contrary  that  the  real  difficulty  was  to  prevent  the  piston  from 
moving  so  rapidly  and  so  violently  as  to  injure  itself  by  striking 
against  the  top  of  the  cylinder,  when  the  injector  did  not  start  at 
once.  When  the  injector  was  stopped  by  shutting  off  the  steam, 
the  back  pressure  ^m  the  boiler  in  closing  the  boiler  valve  drove 
the  piston  back  with  great  rapidity  to  the  top  of  the  cylinder; 
and  he  had  delayed  bringing  forwards  the  self-adjusting  injector 
until  the  results  of  actual  working  had  shown  how  the  piston 
stood  the  amount  of  shock  to  which  it  was  subjected.  As  &r  as 
could  be  ascertained  from  the  use  of  the  injector  upon  locomotives, 
it  appeared  that  the  piston  was  so  sensitive  that  a  variation  of  only 
2  lbs.  per  square  inch  in  the  steam  pressure  was  sufficient  to  move 
it ;  the  piston  was  therefore  always  moving,  and  never  stood  stiD 
while  the  injector  continued  at  work.  The  first  trial  made  with  tiie 
self-adjusting  injector  had  been  on  an  engine«employed  in  shunting; 
and  with  the  ordinary  injectors  previously  used  the  water  constantly 
jumped  out  of  the  overflow  pipe  from  the  shocks  in  shunting ;  but 
as  there  was  no  open  escape  in  the  self-adjusting  injector,  it  was 
feared  the  piston  might  be  too  sensitive  when  the  engine  struck 
a  train,  and  that  the  esci^e  of  water  into  the  closed  overflow 
chamber  might  cause  so  much  motion  of  the  piston  as  to  stop  the 
current  of  the  jet.  In  practice  however  this  had  not  been  found  to 
be  the  case,  and  he  believed  the  self-adjusting  injector  worked 
more  steadily  when  shunting  than  the  previous  injectors  having 
the  open  overflow. 

The  Chaibmin  enquired  whether  any  packing  was  employed  for 
keeping  the  piston  water-tight. 

Mr.  Robinson  replied  that  in  the  first  self-adjusting  injector  the 
piston  had  been  made  with  two  grooves  filled  with  light  metal 
packing  rings,  as  shown  in  Fig.  5 ;  but  this  had  been  found 
unnecessary,  and  he  believed  it  was  better  not  to  make  the  piston 
so  tight  in  the  cylinder,  in  order  to  ensnre  its  moving  fireely  with 
the  variations  in  the  steam  pressure.  The  piston  was  therefore  now 
made  without  any  packing,  as  shown  in  Fig.  8,  being  merely  turned 
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to  an  easy  fit  in  tfie  cylinder ;  and  it  was  not  necessary  for  it  to  be 
absolutely  water-tight,  jost  as  in  the  pneumatic  despatch  tubes  a 
small  clearance  was  left  all  roxmd  the  piston,  without  interfering 
with  the  efficiency  in  working. 

Mr.  H.  Woods  enquired  whether  by  the  employment  of  the  self- 
adjusting  arrangement  there  was  any  difficulty  in  working  a  large 
injector  with  only  a  small  quantity  of  feed  water.  Supposing  an 
injector  were  obtained  large  enough  for  feeding  four  boilers,  he 
asked  whether  it  could  be  conveniently  employed  for  feeding  one 
boiler  only,  whenever  the  other  three  might  be  out  of  work. 

Mr.  Robinson  believed  the  improved  injectors  would  allow  of  as 
great  a  range  as  40  per  cent,  in  the  quantity  of  feed  water,  without 
the  proper  working  being  interfered  with;  and  the  self-adjusting 
arrangement  would  certainly  have  an  advantage  in  cases  where  a 
varying  quantity  of  feed  was  required,  because  the  water  supply 
adapted  itself  to  every  change  made  in  the  steam  supply  within  the 
limits  of  range  allowed  by  the  instrument.  The  alterations  made  in 
the  proportions  of  the  new  injectors  had  had  the  effect  he  believed 
of  slightly  reducing  the  minimum  delivery  of  the  injector  as 
compared  with  its  maximum,  though  not  to  any  material  extent 
beyond  the  original  injectors.  With  all  large  injectors  there  still 
remained  the  same  difficulty  as  previously  in  supplying  only  a  small 
quantity  of  feed  to  a  boiler ;  and  the  only  way  to  manage  was  to 
feed  for  a  certain  length  of  time  and  then  shut  off,  which  was 
certainly  a  very  inconvenient  plan  and  only  partially  obviated  by 
the  self-adjusting  arrangement.  In  travelling  recently  a  considerable . 
distance  by  railway  he  had  been  able  to  tell  by  the  sound  of  the 
injector  when  it  was  at  work  or  not,  as  it  was  one  of  the  former  sort 
with  an  open  overflow ;  and  he  observed  that  the  engineman  started 
the  injector  whenever  he  stopped  the  train,  and  vice  vered^  using  the 
surplus  steam  to  feed  the  boiler  when  not  running,  which  appeared 
a  very  rational  way  of  dealing  with  the  difficulty  of  having  an 
injector  larger  than  was  required  for  the  work  to  be  done. 

Mr.  W.  Hacknbt  enquired  how  the  water  was  prevented  from 
escaping  at  the  small  outlet  valve  placed  on  the  water  branch,  as 
shown  at  L  in  Fig.  5,  through  which  it  was  stated  the  steam  would 
blow  out  whenever  the  injector  stopped  working  for  want  of  water. 
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Mr.  Robinson  explained  that  the  small  escape  yalve  waa  held 
down  to  its  seat  bj  a  spring  pat  upon  it,  which  was  adjusted  to  the 
head  of  water  sapplied  to  the  injector  and  had  its  ontlet  above  the 
highest  water  level,  so  that  it  did  not  allow  the  wfUier  to  escape 
in  ordinary  working,  and  was  only  opened  by  the  pressure  of  the 
steam  when  there  was  not  water  enough  for  the  working  of  the 
injector.  This  valve  however  he  thought  was  not  at  all  neceesaiy, 
except  perhaps  on  locomotive  engines,  where  it  served  to  call  the 
driver's  attention  when  the  injector  ceased  working,  in  the  same 
way  as  the  escape  of  steam  from  the  open  overflow  pipe  of  the 
previous  injectors. 

Mr.  E.  A.  CowFBR  enquired  whether  injectors  bad  yet  been 
employed  with  complete  success  for  feeding  marine  boilers.  In  an 
early  attempt  for  that  purpose  some  objisction  had  been  made  to  the 
injector  on  the  score  of  its  occasionally  failing ;  and  he  believed  the 
difficulty  in  that  instance  was  partly  owing  to  the  circumstance  of  a 
number  of  boilers  being  ranged  in  a  Hne,  supplied  by  one  main  leed 
pipe,  with  the  injector  delivering  in  at  one  end  of  the  pipe.  When 
the  ship  was  rolling  therefore,  the  whole  column  of  water  in  the  long 
feed  pipe  acted  like  a  ram,  giving  a  very  considerably  increased 
pressure  for  the  moment  upon  the  injector,  as  there  was  no  air 
vessel  to  relieve  it ;  and  thus  the  injector  had  to  work  against  a 
varying  pressure,  running  up  much  beyond  the  boiler  pressure,  so 
that  its  proper  working  was  interfered  with. 

Mr.  Robinson  said  that  some  time  ago  an  injector  had  been 
•applied  in  the  " Fox"  gunboat,  which  worked  with  complete  success; 
the  sea  water  for  the  injector  was  conveyed  to  it  through  a  pipe  of 
considerable  length,  and  of  course  there  was  a  considerable  variation 
of  pressure  in  the  supply  according  to  the  inclination  of  the  vessel 
in  the  water;  but  notwithstanding  this  varying  pressure  he  had  not 
heard  of  a  single  instance  of  fieulure  or  difficulty.  The  former  prejudice 
against  the  use  of  the  injector  for  marine  boilers  arose  he  believed  from 
an  accidental  mistake  in  first  applying  the  injector  on  the  "  Great 
Eastern,"  where  an  injector  of  the  size  intended  for  feeding  only  one 
boiler  was  set  to  feed  six,  and  had  of  course  proved  incompetent ; 
the  supply  of  water  was  not  merely  insufficient,  but  it  was  not 
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introdnced  into  the  injector  in  the  proper  mode,  and  air  was 
admitted  with  it,  and  the  injector  was  consequently  stopped.  For 
marine  purposes  however  he  was  at  a  loss  to  understand  why  the 
injector  should  not  work  as  well  as  on  locomotives,  or  indeed  a  great 
deal  better,  inasmuch  as  it  was  more  efficient  for  low  pressures  than 
high.  One  difficulty  indeed,  which  might  possibly  arise  in  feeding 
marine  boilers,  was  deposit  of  saline  matter  from  the  sea  water  in 
the  various  passages  of  the  injector,  which  might  choke  up  the 
nozzles  after  a  length  of  time.  At  present  however  no  difficulty  of 
that  kind  had  been  met  with ;  and  an  injector  applied  in  a  steamer 
running  from  Liverpool  to  Quebec  had  continued  feeding  the  boiler 
during  the  whole  of  the  outward  voyage  without  any  stoppage  at  all. 
The  Chai&man  proposed  a  vote  of  thanks  to  Mr.  Robinson  for 
his  paper,  which  was  passed. 


The  following  paper  was  then  read  : — 


Q  2 


28'J 


DESCRIPTION  OF  A 
CURVILINEAR   SHAPING   MACHINE. 


Bt  Mr.  FRANCIS  W.  WEBB,  of  Bolton. 


This  maohine  has  been  designed  for  the  purpose  of  shaping  the 
carved  inner  face  of  the  rim  of  locomotive  wheels  between  the 
spokes,  so  as  to  finish  all  portions  of  the  rim  to  a  true  circle  from 
the  centre  of  the  wheel,  and  leave  the  inner  face  of  the  rim  parallel 
thronghont  to  the  turned  outer  face  on  which  the  tyre  is  bedded. 

The  machine  is  shown  in  Figs.  1  to  6,  Plates  99  to  101.  Fig.  1  is 
a'  plan  of  the  machine ;  Fig.  2  a  longitudinal  section ;  and  Figs. 
5  and  6  are  end  elevations. 

The  wheel  to  be  shaped,  shown  at  A,  Figs.  1  and  2,  is  mounted 
on  a  revolving  table  B  on  the  bed  of  the  machine;  and  a  slow 
circular  motion  is  given  to  the  table  by  the  ratchet-wheel  and  paulC 
on  the  worm  shaft  D,  whicb  works  into  the  worm  wheel  on  the  table, 
as  in  an  ordinary  slotting  machine.  The  table  is  moved  forwards 
by  the  bed-screw  E  so  as  to  bring  the  rim  of  tbe  wheel  under  the 
vertical  shaping  tool  F,  whicli  is  carried  in  the  extremity  of  the 
bent  lever  G-.  The  centre  of  motion  I  of  the  lever  coincides  with 
the  centre  of  the  arc  to  which  the  inner  face  of  the  rim  is  required 
to  be  shaped;  and  this  centre  is  either  fixed,  so  as  to  shape  all 
wheels  to  the  same  radius  of  curve,  as  shown  in  Figs.  2  and  3,  or 
adjustable,  as  shown  in  Fig.  4,  so  as  to  allow  of  altering  the  radius 
of  curve  within  the  ordinary  limits  likely  to  be  met  with  in  practice. 
The  tail  end  of  the  lever  G  is  made  with  a  long  slot,  in  which  works 
the  crank  pin  J  fixed  in  the  vertical  driving  disc  H,  so  that  by  the 
revolution  of  the  disc  the  cutting  tool  is  made  to  describe  the 
required  arc,  as  shown  in  Fig.  3 ;  and  the  length  of  stroke  of  the 
tool  is  regulated  by  adjusting  the  crank  pin  J  to  the  required  radius 
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in  the  disc  H.  The  disc  being  driven  in  the  direction  shown  bj  the 
arrow,  the  tool  has  a  quicker  motion  in  the  return  stroke  than 
in  cutting. 

On  arriving  at  the  junction  of  the  rim  with  the  spoke  of  the 
wheel,  the  rotation  of  the  wheel  is  stopped  by  disconnecting  the 
ratchet  motion  C ;  and  by  means  of  the  worm-wheel  and  worm  K 
Figs.  7  and  8,  Plato  102,  the  tool  F  is  turned  slowly  round  in  the 
lever  G  through  a  quarter  circle,  thereby  rounding  out  the  comer 
where  the  spoke  joins  the  rim,  (us  shown  in  Figs.  9  and  10.  The 
tool  is  rotated  either  by  a  ratchet  and  paul  on  the  worm  shaft  K,  or 
by  hand,  the  latter  plan  being  found  preferable  in  practice  both  for 
convenience  and  simplicity.  The  breadth  of  the  toolholder  is  made 
exactly  equal  to  the  diameter  of  the  circle  to  which  the  comer  is  to 
be  rounded  out ;  so  that  when  the  side  of  the  toolholder  comes  up 
against  the  spoke  of  the  wheel,  as  shown  in  Fig.  9,  the  tool  is  in 
the  proper  position  for  the  feed  motion  C  to  be  thrown  out  of 
gear,  and  the  turning  movement  to  be  given  to  the  tool  by  the 
worm  wheel  K. 

As  the  radius  of  the  curve  at  the  corners  of  the  spokes  and  rim 
is  very  small,  the  arm  of  the  toolholder  has  to  be  kept  out  of  the 
centre  line  of  its  shank.  In  the  wheels  for  which  the  first  machines 
were  made,  the  radius  of  this  curve  was  |  inch ;  and  the  front  &ice 
of  the  toolholder  was  therefore  made  coincident  with  the  centre  line 
of  the  shank,  and  1|  inch  wide,  as  shown  in  Figs.  7  and  8.  With 
this  arrangement  the  workman  has  no  difBculty  in.  fixing  the  tool 
with  the  proper  amount  of  projection  in  the  holder ;  for  by  winding 
the  table  round  till  the  side  of  the  toolholder  touches  the  side  of 
one  of  the  spokes,  as  shown  by  the  dotted  lines  in  Fig.  9,  and  then 
turning  the  holder  through  a  quarter  circle,  and  fixing  the  tool  so 
that  its  cutting  edge  just  touches  the  side  of  the  spoke,  as  shown 
dotted  in  Fig.  10,  the  tool  is  sure  to  be  in  the  right  position  for 
shaping  the  rim  of  the  wheel  to  the  exact  arc  required,  the  whole 
adjustment  being  done  with  the  greatest  readiness. 

The  object  of  the  writer  in  designing  this  machine  was  to  bring 
tho  wheels  of  engines  and  tenders  to  a  more  correct  balance,  more 
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especially  the  carrying  wheels,  without  at  the  same  time  increasing 
the  cost  of  prodaction ;  and  the  working  of  three  of  these  machines 
at  the  Crewe  Locomotive  Works  during  the  past  twelve  months  has 
shown  that  a  considerable  saving  is  effected  both  in  time  and  wages 
by  this  method  of  finishing  a  wronght-iron  wheel  forging,  over  the 
old  plan  of  chipping  and  filing.  A  considerable  saving  is  also  effected 
in  the  smith's  shop,  as  there  is  no  necessity  for  planishing  np  the 
rims  of  the  wheels ;  and  by  avoiding  this  planishing  the  runs  can 
be  lefl  in  the  soft  state,  which  the  writer  believes  is  preferable, 
rendering  the  wheel  less  liable  to  fail  by  fracture  of  the  rim. 

The  writer's  attention  was  more  forcibly  drawn  to  the  subject  of 
balancing  the  wheels,  on  occasion  of  examining  a  pair  of  leading 
wheels  of  an  engine  of  the  "Lady  of  the  Lake"  class  on  the 
London  and  North  Western  Bail  way,  which  had  been  reported  as 
wearing  the  tyres  very  nneqnally.  When  the  engine  was  examined, 
it  was  found  that  this  unequal  wear  was  not  caused  by  any  want 
of  truth  and  squareness  in  the  frame  and  axles;  and  the  cause 
of  the  defect  was  then  ascertained  to  be  in  the  wheels  themselves, 
which,  though  dressed  on  the  inner  face  of  the  rim  so  as  to  look 
correct,  were  found  on  trial  to  be  about  9  lbs.  out  of  balance.  Afier 
having  been  balanced,  the  same  wheels  were  put  to  work  again,  and 
did  not  give  any  further  trouble  by  unequal  wear  of  the  tyres. 

Another  case  which  occurred  shortly  afterwards  was  that  of  a 
first-class  carriage,  which  when  running  at  faU.  speed  had  periodical 
oscillations  fore  and  aft.  On  running  the  carriage  expenmentaUy 
to  ascertain  the  cause,  it  was  found  that  both  pairs  of  wheels  were 
out  of  balance,  and  one  pair  was  of  a  different  diameter  to  the 
other.  Consequently  when  the  two  heavy  sides  got  together  and 
were  in  correspondence,  violent  oscillations  occurred;  and  these 
gradually  diminished  as  the  heavy  sides  became  more  opposed  to 
one  another,  by  the  smaller  wheels  over-running  the  larger  ones 
and  so  bringing  the  two  heavy  sides  to  counteract  one  another; 
and  the  oscillations  came  on  again  as  the  smaller  pair  of  wheels 
overtook  the  larger  ones,  bringing  the  heavy  sides  into  conjunction 
again.  The  writer  believes  that  if  more  attention  were  paid  to  the 
balancing  of  the  carriage  wheels,  especially  in  the  fast  trains,  there 
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wonld  be  fewer  complaints  of  too  qnick  mniiing  and  bad  roads ;  and 
at  the  same  time  a  considerable  saving  in  the  wear  and  tear  of  tyres 
wonld  be  efiPected. 

At  Messrs.  Sharp  Stewart  and  Co.'s  works  in  Manchester,  where 
one  of  these  machines  is  regularly  at  work,  it  is  foand  that  the  cost 
in  wages  in  the  mannfactnre  of  wheels  by  the  machine  is  about  the 
same  as  by  the  old  method  of  chipping  and  filing ;  bat  witb  two 
machines  at  work,  as  at  the  Crewe  Works,  the  saving  will  be 

considerable,  as  one  man  can  easily  work  bobh  machines.  The  saving 

• 

in  files,  which  constitute  one  of  the  most  considerable  sources  of 
expense  in  an  engineering  establishment,  is  also  very  great.  It  is 
found  preferable  for  this  slotting  to  be  done  dry,  as  the  slight  roagh- 
ness  thus  left  by  the  tool  prevents  the  paint  from  being  rubbed  off ; 
and  with  good  steel  there  is  no  difficulty  in  completing  the  rim  of  a 
5  feet  or  6  feet  wheel  without  once  removing  the  tool  for  sharpening. 


Mr.  Webb  exhibited  the  working  arm  of  one  of  the  shaping 
machines,  which  had  been  lent  for  the  meeting  by  Messrs.  Sharp 
Stewart  and  Co.,  showing  the  action  in  shaping  the  rim  of  a 
wrought-iron  wheel. 

The  Chairman  remarked  that  the  mode  of  shaping  the  inner  face 
of  a  wheel  rim  by  the  machine  described  in  the  paper  was  certainly 
a  novel  idea  in  the  manufacture  of  railway  wheels,  and  well  deserviDg 
attention,  as  a  means  of  finishing  them  by  machinery  more  correctly 
than  could  be  done  by  hand.  He  enquired  what  length  of  time 
was  occupied  with  the  machine  in  going  all  round  the  rim  of  a 
locomotive  wheel  of  5  feet  diameter. 

Mr.  Webb  replied  that  it  would  take  about  three  hours  to  go 
round  a  wheel  of  that  size,  the  machine  requiring  the  attendance  of 
one  man ;  and  the  rim  would  then  be  finished  to  an  exactly  uniform 
thickness  all  round. 
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Mr.  Robinson  was  convinced  that  the  application  of  the  machine 
described  in  the  paper  wonid  rapidly  extend,  becanse  it  was  well 
known  that,  as  far  as  locomotive  engine  building  was  concerned,  the 
nse  of  tools  was  daily  becoming  more  and  more  extended  over  every 
part  of  the  work.  In  the  case  of  all  large  forgings,  the  aim  at  the 
present  time  was  to  get  them  from  the  smith  in  largo  forged  lamps,  and 
then  cnt  them  down  to  shape  in  lathes  and  slotting  machines,  instead 
of  employing  smith's  labour  to  work  them  down  more  closely  in  the 
first  instance  to  the  shape  desired.  In  the  forging  of  crank  axles  he 
remembered  the  time  when  as  much  as  £7  was  paid  for  smith's 
work  in  bringing  the  forging  into  shape  ready  for  the  lathe ;  bat 
now  the  whole  cost  of  shaping  and  finishing  a  crank  axle  was  only 
from  408.  to  50#.,  the  smith  never  toaching  it  at  all  after  the  forging 
of  the  original  roagh  mass.  This  showed  the  great  extent  to  which 
smith's  work  was  now  being  superseded,  and  the  expensive  nature 
of  that  work  was  seen  when  it  was  considered  that  in  addition 
to  the  smith's  wages  of  40 <r.  per  week  each  man  required  a  couple 
of  strikers  to  assist  him,  and  a  supply  of  coals  for  heating  the 
work. 

In  the  case  of  railway  wheels  an  important  portion  of  this  cost 
of  smith's  work  would  be  done  away  with  by  the  application  of  the 
shaping  machine  now  described.  As  the  wheels  were  ordinarily 
constructed,  the  rim  was  welded  up  between  each  of  the  spokes, 
and  in  order  to  make  it  tolerably  neat  in  appearance  a  considerable 
time  was  spent  by  the  smith  in  planishing  the  inner  curved  silrface 
of  the  rim,  so  as  to  bring  it  to  the  finished  shape,  while  the  outside 
of  the  rim  was  left  rough  to  be  afterwards  turned  in  the  lathe. 
By  the  application  of  the  present  machine  however  this  additional 
labour  was  avoided,  the  inner  &ce  of  the  wheel  rim  being  left  rough 
by  the  smith,  the  same  as  the  outside ;  and  the  smith's  work  was 
now  confined  to  welding  up  the  rim,  leaving  the  whole  of  the 
finishing  to  be  done  by  machinery.  The  result  was  of  course  a 
more  mechanical  job  both  in  theory  and  in  practice,  avoiding  those 
differences  of  thickness  in  the  rim  which  were  so  detrimental  to  the 
steady  running  of  the  engines  and  the  wear  of  the  tyres.  The 
application  of  the  shaping  machine  to  this  purpose  was  therefore 
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unquestionably  an  important  step  in  the  right  direction;  and  he 
thought  the  use  of  such  a  machine  should  not  be  confined  to  getting 
up  the  surface  of  railway  wheels,  as  there  were  many  other  forms  of 
iron  work  to  which  this  ourviUnear  shaping  movement  might  be 
advantageously  applied. 

Mr.  Webb  mentioned  that  it  had  been  suggested  to  make  the 
inner  surface  of  the  rim  flat  instead  of  convex,  so  as  to  allow  of 
shaping  the  wheel  under  an  ordinary  rectilinear  slotting  machine, 
without  the  necessity  for  a  curvilinear  motion  of  the  tool ;  but 
the  practical  reason  for  making  the  inner  face  curved  was  that 
it  would  not  be  easy  to  ensure  a  sound  weld  with  a  flat  surface, 
as  the  convex  surfistce  was  required  for  enabling  the  hammers  to 
strike  well  upon  the  inner  face  of  the  rim  in  the  welding.  The 
curvilinear  movement  in  the  shaping  machine  was  therefore  rendered 
necessary,  in  order  to  adhere  to  the  curved  shape  of  the  face,  and 
avoid  cutting  the  iron  to  waste. 

Mr.  F.  J.  Bramwell  remarked  that,  in  the  case  of  a  railway 
wheel  of  3  ft.  6  ins.  diameter  running  at  a  speed  of  50  miles  an 
hour,  each  1  lb.  would  have  a  centrifugal  force  of  rather  more  than 
90  lbs.  or  say  f  cwt. ;  and  therefore  an  amount  of  9  lbs.  out  of 
balance,  as  mentioned  in  the  paper,  would  cause  a  pressure  on  the 
bearing  of  about  7  cwts.  in  one  direction,  and  then  in  l-13th  part  of 
a  second  the  same  pressure  in  the  opposite  direction.  It  was  only 
by  taking  into  account  the  speed  of  revolution  that  the  very 
serious  effects  could  be  appreciated  of  even  so  slight  an  error  in 
balance. 

Mr.  Webb  observed  that  the  value  of  perfect  accuracy  in  balance 
of  wheels  running  at  a  high  speed  was  illustrated  by  the  working  of 
the  traversing  cranes  at  the  Crewe  Locomotive  Works,  in  which  the 
driving  pulleys  ran  at  a  speed  of  5000  feet  per  minute  at  the 
circumference,  and  had  never  given  the  slightest  trouble  since  the 
cranes  were  first  started  in  1861,  the  pulleys  having  been  each 
balanced  very  accurately  in  the  first  instance  by  trying  them  with 
the  bearings  on  straight  edges.  In  many  cranes  however,  and  other 
machinery  employed  in  engineering  workshops,  there  was  no  doubt 
that  the  wheels  were  not  balanced  as  they  ought  to  be ;  and  much 


286  CURVILINEAR   SHAPING    MACHINE. 

trouble  was  consequently  caused  in  keeping  the  whole  in  working 
order. 

Mr.  E.  A.  CowPER  could  confirm  what  had  been  said  as  to  the 
importance  of  accurate  balancing  in  machinery  revolving  at  a  high 
speed  ;  for  be  remembered  the  case  of  a  fan  having  arms  of  only  a 
few  pounds  weight,  where  it  was  found  tbat  a  strain  of  2^  tons 
was  produced  upon  each  arm  in  running  at  a  high  speed;  and 
it  was  very  surprising  how  much  a  small  error  in  balancing* 
would  affect  the  revolution  at  high  speeds.  The  employment 
of  the  machine  now  described  for  shaping  the  inside  of  the  rim 
in  railway  wbeels  would  certainly  prove  successful  in  establishing 
a  perfect  balance  so  far  as  the  rim  was  concerned;  and  there 
remained  only  the  spokes,  in  which  any  error  of  balance  could 
exist,  and  he  enquired  whether  any  attempt  had  been  made  to 
finish  the  spokes  by  machinery  in  a  similar  manner.  He  had  seen 
a  machine  employed  for  finishing  the  inner  ends  of  tbe  spokes 
at  the  boss,  by  slotting  out  the  spaces  between  them  with  a  round- 
nosed  tool ;  but  he  did  not  know  whether  the  body  of  the  spokes 
was  gauged  with  any  degree  of  accuracy,  though  it  was  probable 
that  the  wheel  was  reasonably  true  in  balance  when  the  spokes  had 
been  forged  in  dies  under  the  steam  hammer.  He  concurred  entirely 
in  what  had  been  said  as  to  the  importance  of  employing  machineiy 
instead  of  smith's  labour  for  all  work  that  could  be  done  by  machines ; 
and  in  the  case  of  roof  work  constructed  of  T  iron  he  had  introduced 
tbe  plan  of  cutting  off  the  iron  by  circular  saws,  so  as  to  leave  the 
ends  true  and  thus  save  putting  them  into  the  fire  at  all,  the 
castings  for  the  joints  being  made  to  suit  them ;  and  by  this  plan 
a  saving  was  effected  of  about  1^.  6i.  per  joint. 

Mr.  Webb  said  he  had  not  yet  attempted  shaping  the  spokes  of 
the  wheels  by  machinery;  and  in  forging  the  spokes  under  the 
steam  hammer  the  practice  at  Grewe  was  to  place  a  stop  of  the 
proper  thickness  upon  the  anvil,  to  limit  the  stroke  of  the  hammer, 
so  as  to  finish  all  the  spokes  exactly  to  the  correct  gauge  both  in 
width  and  iu  thickness.  He  was  now  introducing  a-  modification  of 
the  machine  described  in  the  paper  for  the  purpose  of  finishing  the 
spokes  at  the  neck,  where  they  joined  the  rim,  by  means  of  a  rose 
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cutter  carried  in  a  rest  bolted  npon  the  rim  of  the  wheel ;  this 
revolving  cutter  would  then  finish  the  heads  of  the  spokes  completely, 
and  there  would  be  no  occasion  to  use  the  file  at  all. 

Mr.  Robinson  considered  that  spokes  forged  in  a  die  would 
not  be  found  to  require  any  subsequent  dressing,  but  would  be 
practically  all  uniform  in  size  and  therefore  in  correct  balance, 
with  as  much  truth  as  if  they  had  been  cast  in  a  mould. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Webb  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  read : — 


R  2 
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ON  AN  IMPROVED  TOOL  AND  HOLDER 
FOR  TURNINQ  AND  PLANING. 


Bt  Mr.  W.   ford    SMITH,  of  Manchester. 


The  important  part  whicb  Cutting  Tools  perform  in  all  engineering 
and  macUne-making  establishments,  and  the  large  numbers  of  them 
that  are  constantly  used,  render  it  of  considerable  importance  that 
the  most  efficient  and  economical  form  should  be  adopted.  The 
idea  of  making  the  cutting  portion  of  the  tool  in  a  separate  piece, 
fixed  in  a  stem  or  holder,  instead  of  both  forming  one  piece  as 
usual,  has  been  previously  carried  out  to  a  limited  extent  and  with 
partial  success;  but  practical  difficulties  seem  to  have  prevented 
the  general  adoption  of  the  plan. 

Round  steel  cutters,  held  in  lathe  slide-rests  specially  arranged 
for  the  purpose,  have  been  to  some  extent  snccessfdlly  employed  for 
turning  rollers  of  small  diameter  for  cotton  machinery,  and  for  this 
purpose  they  answer  admirably;   but   these  cannot  be  used  for 
turning  large  diameters  nor  for  facing  large  flat   surfaces,  and 
consequently  are  not  generally  applicable  for  all  classes  t)f  turning, 
nor  can  this  plan  be  employed  in  planing  or  shaping  machines.     In 
this  mode  of  turning  small  rollers,  special  slide-rests  are  used,  which 
are  made  to  project  under  the  rollers,  having  a  small  hole  bored 
vertically  in  the  top  of  the  rest  to  receive  a  round  piece  of  steel, 
ground  to  an  angle  at  one  end,  which  answers  as  the  cutting  tool. 
Where  the  rest  reaches  nearly  to  the  height  of  the  lathe  centres,  so 
that  the  steel  cutter  is  not  required  to  project  a  great  height  out  of 
the  rest,  this  arrangement  answers  satisfactorily  for  turning  rollers  of 
small  diameter ;  but  if  rests  were  made  on  this  plan  for  turning  large 
diameters,  the  steel  cutters  would  have  to  project  so  far  out  of  the 
rest  that  they  would  be  too  unsteady  to  be  practically  usefuL 
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Triangular  steel  cntters  have  been  tried  also  with  partial  snccess ; 
but  the  form  of  toolholder  required  for  this  section  of  steel  precludes 
the  possibility  of  sliding  close  up  to  a  collar,  for  before  the  cutter 
itself  can  reach  the  collar  the  toolholder  will  come  in  contact  with 
it  or  with  any  flange  or  flat  surface,  and  will  keep  the  catting  point 
from  sliding  up  into  the  corner.  Moreover  this  is  practically  a  very 
expensive  arrangement,-  as  each  triangular  cutter  requires  to  be 
nicely  shaped  and  fitted  into  its  holder ;  and  if  used  for  taking 
heavy  cuts  it  is  found  difficult  to  prevent  the  cutter  from  being 
forced  back  into  the  holder :  on  these  accounts  the  utility  of 
triangular  cutters  is  very  limited. 

The  ordinary  form  of  diamond-pointed  tool,  forged  solid  in  one 
piece  out  of  square  bar  steel,  as  shown  in  Fig.  1,  Plate  103,  is  open 
to  several  objections.  It  is  expensive  to  forge,  particularly  if  made 
of  the  hooked  form  shown  in  the  drawing.  It  requires  to  be  ground 
both  on  the  top  and  on  the  two  sides ;  and  the  extent  of  these  three 
surfaces  renders  the  grinding  expensive  and  complicated,  especially 
if  each  surface  is  ground  always  to  the  coiTcct  angle.  As  the  top 
surface  becomes  ground  away,  packing  of  difierent  thicknesses  is 
required  to  be  placed  under  the  stem  of  the  tool,  in  order  to  raise 
the  cutting  part  to  the  height  of  the  lathe  centres ;  and  this  causes 
waste  of  time.  Also  the  tool  will  not  turn  both  cylindrical  and  flat 
surfaces  without  its  position  in  the  slide-rest  being  altered.  When 
the  diamond-pointed  tool  is  fed  with  a  coarse  traverse  over  the  work, 
the  surface  produced  is  a  series  of  ridges  and  furrows,  as  shown  full 
size  in  Fig.  18,  Plate  106 ;  and  the  ridges  require  a  considerable 
amount  of  hand  labour  to  remove  them,  before  a  finished  polished  or 
scraped  surface  can  be  obtained. 

In  the  improved  Toolholder  forming  the  subject  of  the  present 
paper  the  cutting  tool  is  separate  from  the  holder,  and  is  formed  of 
a  short  piece  of  solid  round  steel,  ground  to  the  proper  angle  and 
fixed  at  the  pro{)er  inclination  in  the  toolholder,  which  is  made 
of  such  a  shape  as  to  be  applicable  to  all  the  principal  descriptions 
of  work.  The  toolholder  is  shown  one  quarter  full  size  in 
Figs.  4  and  5,  Plate  103  ;  Fig.  4  represents  one  of  the  larger  sizes, 
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and  Fig.  5  a  small  size.  Six  different  sizes  are  made,  to  suit  the 
different  sizes  and  classes  of  work,  and  for  machines  varying  from 
large  to  small  sizes. 

The  cutters  A  A  are  of  the  very  best  quality  of  steel  that  can  be 
procured,  and  are  made  from  bars  of  round  steel  cut  into  lengths 
with  a  cold  set ;  each  length  is  long  enough  to  form  two  cutters, 
and  is  slotted  through  the  centre  while  cold  at  the  proper  angle,  as 
shown  in  Fig.  6,  by  a  machine  arranged  for  the  purpose-  The  ends 
of  a  number  of  the  cutters  are  then  heated  in  a  small  furnace,  and 
hardened  in  cold  water.  The  toolholders  B  B  are  made  of  a  strong 
and  tough  quality  of  steel,  and  after  being  forged  nearly  to  the 
required  shape  are  stamped  while  red-hot  by  a  steam  hammer  in 
dies  of  the  proper  form.  The  upper  and  lower  sides  of  the  shank 
are  planed  parallel,  to  ensure  its  always  bedding  fairly  and  firmly  in 
the  toolboxes  of  the  machines  in  which  it  is  to  be  used ;  and  the 
holder  is  then  drilled  for  receiving  the  cutter,  the  hole  being  bored 
always  at  one  standard  angle,  so  as  to  give  the  correct  angle  of 
clearance  to  the  cutter  in  every  case,  by  means  of  a  permanent 
inclined  saddle  upon  the  boring  table,  in  which  the  holder  is  fixed. 

The  cutter  is  held  in  the  toolholder  by  a  steel  set-screw  C,  shown 
half  full  size  in  Fig.  10,  Plate  105,  the  end  of  which  is  recessed 
in  the  centre ;  and  the  portion  of  the  cutter  that  it  bears  against  is 
not  hardened,  so  that  the  cutter  is  indented  by  the  set-screw.  The 
bite  obtained  by  this  means,  together  with  the  friction  of  the  cutter 
in  the  toolholder,  is  sufficient  to  allow  of  a  heavy  cut  being  taken 
without  forcing  the  cutter  back  in  the  holder.  In  order  to  prevent 
the  cutter  from  becoming  jammed  in  its  hole  in  the  toolholder  by 
the  slight  burr  raised  upon  it  by  the  end  of  the  set-screw,  a  clearance 
groove  is  slotted  out  down  the  side  of  the  hole  where  the  set-screw 
enters.  The  set-screw  is  placed  square  with  the  cutter,  and  at  an 
angle  of  30°  from  the  face  of  the  toolholder,  so  as  to  keep  it  well 
clear  of  the  work.  If  an  unusually  heavy  cut  has  to  be  taken,  a 
toolholder  is  employed  with  a  set-screw  at  the  bottom,  which  is 
screwed  np  till  it  bears  against  the  lower  extremity  of  the  cutter, 
as  shown  in  Fig.  9,  Plate  104,  and  in  the  specimen  exhibited,  which 
represents  the  exact  position  of  the  tool  in  actual  working. 
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In  the  constructioiL  of  these  tools  the  angle  that  was  found  best 
for  the  clearance  parts  of  the  tools,  Figs.  2  and  3,  was  adhered  to  as 
a  standard  in  all  cases,  both  for  cutting  cylindrical,  taper,  or  flat 
surges  in  lathes,  and  for  surfacing,  down-cutting,  or  angling  in 
planing  machines;  as  any  deviation  from  the  best  angle  gives 
inferior  results  in  cutting.  The  writer  has  found  that  an  angle 
of  1  in  8  measured  from  the  surface  planed  by  the  tool,  as  shown  in 
Figs.  2  and  3,  gives  the  best  results.  This  inclination  was 
accordingly  adopted  in  the  toolholder  first  made,  for  cutting 
surfaces  at  right  angles  to  the  shank  of  the  toolholder,  as  shown  in 
Fig.  3 ;  and  another  holder  was  also  made  with  the  same  angle 
of  clearance  on  one  of  its  sides,  as  shown  in  Fig.  2,  instead 
of  at  the  end,  for  cutting  surfaces  parallel  to  the  side  of  the 
toolholder.  Both  of  these  however  were  superseded  by  the 
improved  toolholder  shown  in  Figs.  7  and  8,  Plate  104,  combining 
the  two  previous  attempts  in  a  single  toolholder  adapted  to  both 
purposes,  having  the  angle  of  clearance  both  at  the  end  and  also 
at  the  side  of  the  holder.  The  cutter  is  placed  at  the  corner  of 
the  holder,  so  that  the  ground  surface  of  the  cutter  is  not  square 
with  either  the  side  or  the  end  of  the  holder,  but  midway  between 
these  two  positions,  at  an  angle  of  45°,  as  shown  in  Fig.  7.  It  will 
be  seen  from  the  comparative  diagram^  Fig.  16,  Plate  106,  that  the 
form  of  the  new  cutter  closely  corresponds  with  the  most  approved 
form  of  the  cutting  part  in  the  best  ordinary  tools,  the  only  difference 
being  that  the  round  cutter  is  made  separate  from  the  holder  instead 
of  being  forged  solid  in  one  piece  with  it. 

In  Fig.  7,  Plate  104,  is  shown  at  D  a  plan  of  the  toolholder  fixed 
on  a  slide-rest,  with  the  tool  in  the  act  of  turning  the  sur&ce  of  a 
collar  on  a  shaft,  and  thus  cutting  a  flat  surface.  At  £  is  shown  the 
same  holder  still  flxed  in  the  same  position  on  the  slide-rest,  but  the 
tool  is  turning  the  cylindrical  portion  of  the  same  shafl.  The 
arrows  show  the  direction  of  feed  of  the  tool,  at  right  angles  to  the 
shaft  at  D,  and  parallel  with  the  shaft  at  E  ;  but  in  both  cases  the 
most  prominent  round  part  of  the  cutter  is  seen  to  be  fairly  facing 
the  metal,  and  the  shavings  escape  at  the  same  angle  of  45''  down 
the  inclined  ground  surface  of  the  cutter,  so  that  the  best  effect  is 
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produced  in  cntting.  6j  tbis  arrangement  the  tool  is  enabled  to 
tarn  close  np  to  collars  and  into  comers,  and  to  face  the  collars 
themselves  and  turn  flat  surfaces,  or  to  do  what  is  nsnallj  termed 
lathe  surfacing,  with  the  same  toolholder  and  without  moving  its 
position  in  the  slide-rest. 

In  turning  cylindrical  surfaces  with  the  round  cntting  tools,  it  is 
of  course  requisite  that  the  cntting  point  of  the  tool  should  be 
exactly  on  a  level  with  the  lathe  centres,  in  order  to  prodnce  a 
smooth  turned  surface.  For  this  purpose  a  sheet-iron  gauge  of  the 
simple  form  shown  in  Fig.  14,  Plate  106,  is  supplied  to  each  lathe, 
by  means  of  which  the  tool  is  set  np  in  the  toolholder  with  complete 
accuracy  to  the  exact  height  required  ;  and  the  cutting  edge  being 
thus  always  level  with  the  lathe  centres,  the  turned  cylindrical 
surface  is  finished  as  even  and  true  as  in  planing  a  flat  sur&ce.  As 
the  tool  is  adjustable  in  the  holder  by  the  set-screw,  it  can  be  kept 
constantly  at  the  proper  height  for  cutting,  without  the  necessity 
for  inserting  any  packing  under  the  toolholder  in  the  toolbox  of  the 
lathe. 

The  toolholders  are  made  in  pairs,  right-handed  and  left- 
handed,  as  shown  in  Figs.  12  and  13,  Plate  105.  Fig.  11  shows 
one  fixed  in  the  toolbox  of  a  planing  machine,  planing  the  flat 
horizontal  surface  of  a  lathe  bed ;  and  the  same  toolholder  is  used 
for  down-cutting  vertical  or  angular  surfaces.  Fig.  13  shows  it 
planing  down  the  flat  vertical  surface  of  the  inside  of  a  lathe  bed ; 
and  Fig.  12  shows  a  left-handed  toolholder  down-cutting  the  outer 
angle  of  a  lathe  bed. 

For  economy  of  work  it  is  important  that  cutting  tools  should 
always  be  kept  to  the  best  forms  and  angles,  and  that  the  cutting 
portions  should  be  of  the  best  quality  of  steel,  so  that  a  maximum 
amount  of  cutting  may  be  done  at  a  minimum  cost.  To  eflect 
this  the  shortest  time  practicable  should  be  spent  in  the  cutting 
operation ;  and  the  work  produced  by  the  machine  tools  should  be 
of  the  highest  class,  so  as  to  require  only  a  very  small  amount  of  hand 
labour  to  finish  it  after  leaving  the  machines.  Also  such  forms  of 
cutting  tools  should  be  used  that  coarse  traverses  can  be  taken,  so 
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tbat  the  tools  can  be  fed  quickly  over  tbe  work  and  thick  heavy 
shavings  of  metal  removed,  while  at  the  same  time  a  smooth  even 
and  correctly  finished  surface  is  produced.  When  the  tools  are 
ground  to  the  proper  shape,  they  give  clean  curled  shavings ;  but  if 
badly  ground  tools  are  used,  the  cuttings  are  forcibly  torn  off,  and 
the  surface  of  the  metal  presents  a  pitted  torn  appearance.  In  such 
cases  even  with  fine  traverses  the  whole  power  of  the  machine  is 
frequently  absorbed  with  indifferent  results,  the  cuttings  being 
crumbled  up  into  small  fragments  when  thus  pulled  or  torn  off, 
while  the  tool  occupies  much  more  than  the  proper  length  of  time  in 
traversing  over  the  work,  and  a  rough  uneven  surface  is  produced, 
which  requires  a  great  amount  of  hand  labour  to  finish  it.  In  this 
way  much  more  engine  power  is  expended  in  proportion  to  the  work 
done  than  is  requisite  if  a  correctly  formed  tool  is  used.  If  the  tool 
is  too  acute  or  keen,  it  springs  slightly  in  cutting,  and  does  not  cut 
evenly,  but  makes  successive  digs  into  the  metal  and  produces  a 
jarring  effect.  If  the  best  formed  tools  of  the  ordinary  construction 
are  placed  in  the  hands  of  an  inferior  workman  and  he  is  allowed  to 
grind  them  for  himself  on  an  ordinary  stone,  he  is  tempted  to  grind 
only  the  extreme  cutting  points,  which  alone  are  blunted  by  use,  in 
order  to  save  himself  some  hard  work;  but  by  this  means  the  tools 
are  gradually  altered  from  the  properly  acute  cutting  edges  to  very 
obtuse  angles,  which  will  not  cut  the  metal  but  only  tear  it  off.  The 
full  lines  in  the  drawing,  Fig.  I,  give  an  idea  of  the  incorrect  form 
to  which  the  tools  are  frequently  ground  in  this  way.  The  outer 
dotted  line  shows  the  proper  form,  with  both  the  clearance  and  the 
cutting  angles  correct  for  cutting  cast  metals. 

All  risk  of  inaccuracy  in  grinding  the  round  cutters  is  obviated 
by  the  use  of  the  principle  of  mechanical  grinding  introduced  by 
Mr.  Whitworth ;  and  Figs.  19  to  22,  Plate  107,  show  the  grindstone 
designed  for  this  purpose  by  the  writer,  the  tools  being  held 
against  the  face  of  the  stone  in  a  slide-rest  F  adjusted  at  the  coiTCct 
inclination.  The  rest  is  traversed  backwards  and  forwards  by  the 
handwheel  G  across  the  face  of  the  stone  during  the  grinding ;  and 
by  the  second  handwheel  H  the  tool  is  held  up  against  the  stone 
with  the  required  pressure.  By  this  means  the  grinding  of  the 
tools  at  the  correct  angle  for  cutting  is  always  ensured. 
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The  employment  of  these  simple  cutting  tools  of  round  steel, 
separate  from  the  toolholder,  is  attended  with  several  practical 
advantages  of  importance.  The  form  of  the  cutters  is  the  simplest 
possible,  being  merely  plain  round  bar  steel,  which  can  be  rolled  to 
the  proper  size  in  the  first  instance,  so  that  no  costly  forging  is 
required,  nor  any  shaping  or  fitting;  and  the  lengths  to  form  the 
cutters  are  cut  off  the  bars  in  the  cold  state,  and  are  never  heated 
except  for  the  purpose  of  hardening  the  points.  As  they  do  not 
require  to  be  hammered  into  form,  there  is  no  risk  of  the  quality  of 
the  steel  being  injured  by  burning,  as  is  sometimes  the  case  with 
ordinary  tools  when  the  steel  has  been  overheated  by  the  smith  for 
rendering  it  more  easy  to  work.  The  higher  qualities  of  steel  are 
not  only  harder  and  more  difficult  to  work,  but  they  will  less  stand 
overheating,  and  are  more  liable  to  crack  under  the  hammer. 

Another  advantage  is  that  the  repairing  of  tools  is  altogether 
dispensed  with,  as  the  round  steel  cutters  can  be  worn  down  from 
long  to  short  lengths,  without  requiring  anything  more  than 
grinding  and  occasional  hardening.  Moreover  the  grinding  is  reduced 
to  the  simplest  possible  operation,  as  the  end  of  the  cutters  alone 
is  ground,  and  the  sides  do  not  require  touching.  Hence  the  proper 
section  of  cutter  is  never  altered,  however  much  the  tools  are 
ground ;  and  the  amount  of  grinding  necessary  to  restore  the  proper 
cutting  edge  is  reduced  to  a  minimum,  whereby  the  expense  also  is 
diminished,  and  the  grinding  can  be  accomplished  by  cheap  labour. 

The  cutters  are  all  of  one  uniform  pattern,  whether  large  or 
small,  being  simply  lengths  of  round  steel ;  and  one  uniform  cuttiog 
angle  is  adopted  for  all  tools  for  cutting  cast  metals,  and  one 
angle  for  cutting  wrought  metals.  Thus  any  number  of 
tools  of  all  sizes  can  be  ground  in  the  rest  attached  to  the 
grindstone,  by  simply  elevating  the  rest  to  the  proper  angle  for 
the  purpose  required.  The  two  angles  that  the  writer  has  found 
to  answer  best  for  the  cutting  edges  of  the  tools  are  shown  in 
Fig.  15,  Plate  106,  which  represents  one  of  the  angle  gauges 
that  is  employed  for  testing  the  accuracy  of  the  tools.  These 
two  standard  angles .  are  always  adhered  to  for  all  the  cutting 
tools ;    and   tbe  tools  are  tried   by  this  gauge  in  grinding,  the 
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Blide-rest  being  set  at  the  required  inclination  to  the  face  of  the 
grindstone. 

At  the  writer's  works  in  Manchester,  where  these  tools  are  in 
general  use,  it  is  found  that  on  an  average  fifteen  of  the  round  steel 
cutters  are  blunted  in  one  day's  work  by  each  machine ;  and  they 
take  about  I  hour  for  re-grinding  them,  or  an  average  of  one  minute 
each.  With  the  improved  toolholder,  in  order  to  avoid  the  delay 
occasioned  with  the  ordinary  tools  by  the  men  having  to  grind  their 
own  tools  when  blunted,  leaving  their  machines  standing  idle 
during  the  interval,  a  day's  supply  of  tools  ready  ground  is  given 
out  to  each  machine  in  the  morning,  and  the  blunted  tools  are 
collected  for  grinding  ready  for  the  following  day.  The  small  size 
and  weight  of  the  round  steel  cutters  allow  of  carrying  out  this  plan 
in  practice  with  complete  facility ;  but  with  the  heavy  tools  of  the 
ordinary  kind  it  would  be  impracticable  to  keep  on  hand  the 
stock  of  tools  requisite  for  such  an  arrangement.  The  weight 
of  the  day's  supply  of  fifteen  cutters  is  not  more  than  two-thirds  the 
weight  of  a  single  ordinary  tool ;  and  the  toolholder  itself  is  about 
the  weight  of  one  ordinary  tool  for  the  same  class  of  work.  There 
is  thus  a  great  saving  in  carrying  the  tools  backwards  and  forwards 
from  the  machines  to  the  grindstone,  as  the  light  detached  cutters 
alone  are  required  to  be  carried,  while  the  toolholder  itself  is  not 
moved;  and  as  the  g^rinding  is  all  done  by  one  man,  it  is  not 
necessary  that  all  the  men  should  have  to  learn  how  to  grind 
their  own  tools,  and  complete  uniformity  in  the  grinding  is 
ensured. 

The  maximum  depth  of  cut  which  any  of  the  round  cntters  will 
take  is  one  half  its  diameter ;  and  the  largest  size  of  the  round  cutters 
being  1^  inch  diameter,  if  a  cut  of  more  than  |  inch  depth  is  required, 
a  cutter  is  employed  made  of  an  oval  section  of  steel,  1;^  inch  deep 
by  I  inch  thick.  This  oval  cutter  is  capable  of  taking  a  cut  of  1  inch 
vertical  depth  in  planing  a  horizontal  surface ;  and  in  order  that  the 
cutter  may  not  be  forced  back  in  the  holder  by  the  severe  pressure 
of  so  deep  a  cut,  the  holder  is  in  this  case  made  with  a  solid  bottom 
behind  the  cutter ;  as  the  cutter  becomes  worn  down  a  few  blanks 
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from  a  panelling  macliine  are  placed  under  its  end  to  fill  up  the 
bottom  of  the  socket  in  the  holder. 

The  quality  of  the  work  produced  by  the  round  steel  cutters  ia  found 
to  be  much  superior  to  that  obtained  with  the  ordinary  diamond- 
pointed  tools,  under  the  same  circumstances  as  regards  depth  of 
cut  and  amount  of  feed,  the  finished  surface  produced  by  the  round 
cutters  being  remarkably  smooth,  even  when  taking  a  heavy  cut. 
The  superiority  of  the  round  cutters  in  this  respect  arises  from  the 
difference  of  their  action,  as  illustrated  in  the  diagrams,  Figs.  17  and  18, 
Plate  106,  which  show  full  size  one  of  the  round  cutters  and  an 
ordinary  diamond-pointed  tool,  the  dotted  lines  indicating  an  equal 
amount  of  feed  in  both  cases.  Since  the  smoothness  of  the  finished 
surface  increases  in  proportion  as  the  thickness  of  the  shaving 
diminishes,  the  diamond-pointed  tool  in  taking  a  heavy  cut  leaves 
the  surface  as  rough  at  the  bottom  of  the  cut  as  at  the  top,  since 
the  shaving  removed  is  of  uniform  thickness  through  its  entire 
depth,  as  shown  by  the  shaded  portion  K  in  Fig.  18.  But  with  the 
round  cutter  the  shaving  is  only  thick  at  the  top,  els  shown  by  the 
shaded  portion  J  in  Fig.  17,  and  the  thickness  gradually  tapers  away 
to  almost  nothing  at  the  botttom,  where  the  shaving  becomes  nearly 
a  tangent  to  the  circular  cutting  edge  of  the  tool.  Consequently 
although  the  surface  left  by  the  round  cutter  is  as  rough  at  the  top 
of  the  cut  as  with  the  ordinary  tool,  this  is  of  no  importance,  as  that 
part  of  the  surface  will  bo  planed  away  at  the  next  stroke ;  while 
at  the  bottom  of  the  cut  the  finished  surface  is  as  smooth  as  if  the 
whole  depth  of  the  cut  had  been  no  greater  than  necessary  to  give 
shavings  as  thin  as  at  this  part. 

This  difference  in  the  quality  of  the  work  produced  by  the  round 
cutter  as  compared  with  the  ordinary  diamond-pointed  tool  is  shown 
in  the  specimen  of  work  exhibited  to  the  meeting.  An  ordinary 
diamond-pointed  tool  with  a  slightly  rounded  point  was  first  started 
and  allowed  to  plane  a  width  of  f  inch  over  the  surface  of  the 
wrought-iron  plate  exhibited.  One  of  the  round  cutters,  f  inch 
diameter,  was  then  started  to  plane  where  the  first  lefl  off,  and  after 
planing  about  1  inch  width  was  stopped  in  the  middle  of  a  cut. 
The  feed  was  exactly  the  same  in  both  cases,  and  the  tools  cut  dry, 
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ivithont  soap  and  water.  It  will  be  seen  that  the  round  cutter  has 
left  a  very  fair  finish  for  a  rough  dry  cut,  which  contrasts  favourably 
with  the  finish  left  by  the  ordinary  diamond-pointed  tool ;  also  the 
minute  ridgfes  left  between  the  successive  cuts  of  the  round  tool  are 
hardly  j)erceptible,  being  only  about  one  fifth  of  the  height  of  the  ridges 
left  by  the  ordinaiy  tool,  as  shown  in  the  diagrams.  Figs.  17  and  18. 

This  experiment  served  also  to  determine  approximately  the 
amount  of  power  required  to  drive  the  round  cutters,  which  is 
found  to  be  only  about  three  fourths  of  that  necessary  to  drive  the 
ordinary  tools  for  doing  the  same  work.  The  ordinary  diamond- 
pointed  tool  employed  in  the  experiment  was  shaped  to  the  most 
approved  form  for  cutting  wrought  iron ;  and  the  depth  of  cut  being 
3-16ths  inch  with  a  feed  of  24  per  inch,  it  was  found  that  a  weight 
of  74  lbs.  was  required,  pulling  direct  upon  the  driving  strap,  to 
enable  the  tool  to  take  the  cut.  Aft^r  planing  the  width  of  §  inch,  the 
round  cutter,  -|  inch  diameter,  was  substituted,  going  on  from  where 
the  other  had  left  off,  and  working  under  precisely  the  same 
circumstances ;  and  the  weight  required  upon  the  strap  was  only 
56  lbs.,  or  about  three  fourths  of  that  required  with  the  ordinary  tool. 

With  regard  to  the  saving  effected  in  current  expenses  by  the 
use  of  the  improved  toolholders  and  round  cutters,  it  has  been  found 
at  the  writcr^s  works  that  one  smith  and  striker,  who  had  been 
almost  wholly  employed  in  repairing  and  making  the  ordinary  solid 
forged  tools,  are  now  dispensed  with ;  and  instead  of  two  grindstones 
being  always  fully  occupied  in  grinding  the  tools,  the  whole  grinding 
of  the  cutters  is  now  done  by  a  single  stone,  requiring  only  one  man 
for  the  purpose,  instead  of  the  time  of  the  machine  men  being  taken 
for  grinding  their  own  tools.  Assuming  therefore  that  the  time  of 
three  men  only  is  saved  in  grinding  and  repairing,  at  wages  of 
only  £1  each  per  week,  this  alone  represents  a  saving  of  £150  per 
year ;  and  this  saving  is  independent  of  the  increased  quantity  of 
work  produced  with  the  improved  toolholders,  in  consequence  of  the 
machines  being  kept  constantly  running ;  while  there  is  also  the 
saving  in  engine  power,  and  in  finishing  the  work  as  it  comes  from 
the  machines. 
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Mr.  W.  F.  Smith  exhibited  a  nnmber  of  the  improved  tools  and 
toolholders,  with  Bpecimens  of  work  planed  and  turned  by  them, 
showing  the  character  of  the  work  done ;  and  also  specimens 
showing  the  amonnt  of  re-sharpening  required  by  the  tools  after 
work. 

The  Chairman  thought  the  improved  plan  of  tools  described  in 
the  paper  had  important  practical  advantages,  and  he  was  sure  its 
introduction  would  bo  a  subject  of  much  interest  to  engineers,  if 
from  its  simplicity  and  economy  these  advantages  were  realised. 

Mr.  E.  A.  CowPEB  thought  the  new  plan  of  tools  would  prove 
very  useful  in  engineering  workshops,  and  would  be  particularly 
valuable  in  saving  the  loss  of  time  at  present  involved  in  the 
grinding  up  of  the  tools,  as  it  was  most  frequently  the  case  that  the 
machine  was  standing  idle  during  the  time  of  grinding.  He  enquired 
what  was  the  quantity  of  work  done  in  a  day  by  the  new  tools 
in  comparison  with  that  got  through  by  the  ordinary  tools  when 
ground  in  a  reasonable  manner. 

Mr.  W.  F.  Smith  replied  that  he  was  not  able  to  st^ate  the  exact 
difference  in  the  quantity  of  work  produced  ;  but  that  there  was  a 
decided  advantage  in  this  respect  on  the  part  of  the  new  plan  was 
shown  by  the  fact  that  at  his  own  works,  although  some  of  the  piece- 
work prices  had  been  considerably  lowered  since  the  new  tools  were 
introduced,  the  men  were  now  making  more  wages  than  they  ever 
did  before  under  the  old  plan,  and  they  would  not  work  with  the 
ordinary  tools  now  that  they  could  get  the  new  ones. 

Mr.  J.  MuRPHT  considered  the  new  plan  of  tools  would  be 
productive  of  a  great  amount  of  economy  in  all  engineering  shops ; 
and  in  his  own  works  he  should  himself  be  very  glad  to  adopt 
the  plan.  In  turning  the  hard  tyres  that  were  made  at  the  present 
time  for  railway  wheels,  the  turning  tool  was  generally  made  of  a 
bar  of  1^  inch  steel,  and  he  had  found  great  difficulty  in  getting  any 
steel  hard  enough  to  stand  the  heavy  cut  required,  and  such  steel 
could  only  be  obtained  at  a  higher  price.  But  when  the  tool  had 
become  worn  down  to  a  short  length  of  7  inches  of  steel  it  had  to 
be  put  aside,  as  there  was  a  difficulty  in  welding  these  short  lengths 
of  such  a  hard  quality  of  steel.     The  round  cutters  on  the  other 
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hand,  tliat  were  used  in  the  new  plan  of  tools,  could  be  hardened 
to  any  extent,  and  when  worn  down  to  a  short  length  it  was  only 
the  cutter  itself  th^t  had  to  be  thrown  aside  and  replaced,  the 
toolholder  remaining  unaltered.  The  greatest  practical  difficulty 
however  which  he  had  experienced  with  the  ordinary  tools  was 
to  get  the  men  to  grind  them  to  the  correct  angle,  each  man 
having  his  own  idea  as  to  the  best  cutting  edge ;  and  it  was 
therefore  a  great  advantage  in  the  new  plan  of  tools  that  the  men 
would  not  grind  their  own  tools,  and  that  the  construction  ensured 
the  whole  of  the  tools  being  correctly  ground  to  the  proper  angle. 

Mr.  J.  B.  Fenby  enquired  whether  any  difficulty  had  been  found 
from  the  toolholder  springing,  and  thereby  causing  the  tool  to  dig 
into  the  work  in  turning  and  planing.  In  the  case  of  turning,  he 
suggested  that  this  might  be  obviated  by  placing  the  cutting  edge 
of  the  tool  just  below  the  level  of  the  neutral  axis  of  the  stem  of 
the  toolholder,  instead  of  above  it,  so  that  the  tendency  of  the  tool 
would  be  to  clear  itself  if  there  were  any  springing  of  the  holder ; 
and  similarly  in  reference  to  planing.  He  noticed  also  that  in 
the  arrangement  shown  for  grinding  the  tools  the  grindstone 
was  represented  as  turning  from  the  tool,  which  was  generally 
considered  to  produce  a  ragged  edge  on  the  tool  very  soon ;  but  by 
making  the  grindstone  revolve  in  the  opposite  direction  towards  the 
tool,  a  much  smoother  and  firmer  edge  was  produced,  and  he  had 
found  that  tools  ground  in  this  way  would  last  half  as  long  again 
as  if  ground  on  a  stone  revolving  from  the  tool. 

Mr.  W.  F.  Smith  replied  that  the  digging  in  of  the  tool  was  simply 
a  question  of  the  angle  of  the  tool  and  the  position  of  the  slide  rest. 
If  the  cutting  edge  of  the  tool  were  made  too  acute,  it  was  sure  to 
dig  into  the  work,  provided  the  cut  was  heavy  enough ;  but  by 
taking  care  to  keep  the  cutting  edge  of  the  tool  exactly  level  with 
the  centre  line  of  the  work  in  the  lathe,  and  by  having  the  tools  all 
ground  correctly  to  the  proper  angle,  he  had  found  there  was  no 
risk  of  any  such  occurrence.  With  respect  to  the  direction  of 
revolution  of  the  grindstone  for  grinding  the  tools,  it  appeared  to 
him  to  be  quite  immaterial  whether  the  stone  turned  one  way  or 
the  other.     In  grinding  with  the  stone  revolving  from  the  tool,  as 
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shown  in  the  drawing,  a  mere  thin  film  was  found  to  be  left  on  the 
edge  of  the  tool  after  grinding,  which  was  taken  off  bj  rubbing  the 
tool  on  the  stone  by  hand.  The  principal  object  in  grinding  the 
cutters  in  this  way  instead  of  the  other  was  to  make  the  stone 
available  also  for  grinding  tools  by  hand  on  an  ordinary  hand-rest 
placed  on  the  opposite  side  of  the  stone  to  the  slide-rest. 

Mr.  Webb  remarked  that  in  taking  heavy  cuts  in  hard  metal  it 
was  always  found  advisable  to  make  use  of  a  large  tool  for  the 
purpose,  in  order  to  carry  away  the  heat  from  the  point  of  the  tool ; 
and  in  this  respect  therefore  a  small  tool,  snch  as  the  round  cutter 
in  the  new  tools,  seemed  undesirable  for  that  class  of  work.  Another 
objection  to  a  small  tool  was  that  it  had  not  stiffness  enough  for  a 
very  heavy  cut. 

Mr.  W.  F.  Smith  explained  that  with  the  new  tools  it  was  not 
intended  to  take  a  deep  cut  with  a  small  diameter  of  tool,  and  the 
depth  of  cut  ought  not  to  be  more  than  about  half  the  diamet-er  of 
the  tool,  when  the  tool  was  made  of  round  steel.  For  a  deep  cut 
an  oval  tool  was  employed,  as  shown  by  the  specimen  exhibited, 
which  was  saitable  for  a  cut  7-8ths  inch  deep ;  and  with  this  depth 
of  cut  the  tool  would  take  about  ten  cuts  per  inch  of  feed. 

Mr.  Robinson  considered  it  was  very  important  to  put  a  stop  to 
the  great  waste  of  steel  which  at  present  took  place  with  the 
ordinary  tools,  both  in  originally  forging  them  to  the  required  shape 
and  also  subsequently  in  the  large  amount  of  grinding  that  was 
necessary  for  keeping  them  up  to  the  proper  form;  and  he  was 
therefore  much  pleased  to  learn  the  very  satisfactory  manner  in 
which  the  new  plan  of  round  cutters  in  permanent  holders  had 
already  been  worked  out  in  practice,  as  described  in  the  paper. 

Mr.  E.  A.  CowPER  concurred  in  the  great  practical  value  of 
having  all  the  tools  in  a  shop  made  to  the  same  cutting  angle ;  and 
the  form  of  gauge  described  in  the  paper  for  giving  the  correct 
angles  of  the  cutting  edges  appeared  very  simple  and  convenient 
for  the  purpose.  For  the  ordinary  tools  at  present  in  use  a  simple 
gauge  for  the  front  of  the  tool  had  been  designed  by  Mr.  Nasmyth, 
as  described  by  Holtzapffel,  consisting  of  a  vertical  cone  having  its 
sides  at  an  angle  of  3^  to  the  vertical,  set  upon  a  horizontal  plane ; 
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and  the  correct  angle  for  the  front  of  the  tool  was  tested  by  placing 
the  tool  npon  the  flat  surface  and  bringing  it  np  against  the  cone. 
With  the  round  cutters  he  thought  that  a  still  further  improvement 
might  be  made  for  finishing  the  work,  by  using  a  tool  having  a 
small  portion  of  its  cutting  edge  straight,  by  making  the  cylindrical 
tool  with  a  flat  surface  throughout  on  one  side,  so  as  to  remove 
the  slightest  trace  of  ridges  on  the  finished  sur&ce  of  the  work ; 
just  as  with  the  ordinary  angular  tools  at  present  in  use  the 
workman  in  taking  a  finishing  cut  would  grind  off  the  extreme 
point  of  the  tool,  and  so  leave  a  straight  part  between  the  two 
inclined  edges.  The  mode  of  grinding  the  tools,  with  the  gnndstone 
revolving  from  the  tool,  as  shown  in  the  drawing,  would  have  the 
e£Pect  he  thought  of  giving  a  ragged  edge  to  the  tool,  and  it  appeared 
preferable  therefore  to  run  the  stone  in  the  opposite  direction,  as  in 
grinding  the  edges  of  the  ordinary  cutting  tools.  The  new  plan 
of  tools  was  certainly  admirably  worked  out,  and  appeared  well 
calculated  not  only  for  saving  cost  but  also  for  improving  the  quality 
of  the  work  done. 

Mr.  W.  F.  Smith  said  that  on  the  first  introduction  of  the  round 
cutters  he  had  found  the  men  flattening  the  cutting  edge  for  the 
finishing  cut,  under  the  idea  that  this  was  necessary  for  preventing 
ridges  on  the  work ;  but  this  was  not  allowed  now,  as  any  flattening  of 
the  cutting  edge  did  away  with  the  peculiar  advantage  of  the  round 
tool  in  accuracy  of  the  cutting  angle,  the  amount  of  flattening  being 
altogether  a  matter  of  uncertainty,  dependent  on  the  judgment  of 
each  separate  workman.  Theoretically  there  was  of  course  inevitably 
a  slight  ridg^  left  between  the  successive  cuts  of  a  round  tool 
traversing  along  the  work ;  but  in  practice,  when  the  rate  of  feed 
was  properly  proportioned  to  the  diameter  of  the  cutter,  these  ridges 
were  so  exceedingly  minute  as  to  be  altogether  inappreciable,  and 
the  result  was  a  practically  smooth  surface,  quite  as  smooth  as  that 
produced  with  the  best  of  the  ordinary  tools. 

The  Chairman  enquired  whether  the  round  cutters  were  found 
appUcable  to  all  descriptions  of  machine  work. 

Mr.  W.  F.  Smith  replied  that  the  round  tools  were  found  by 
experience  to  be  equally  applicable  for  all  descriptions  of  straight 
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work,  such  as  planing  and  taming,  and  partly  also  for  slotting ;  bnt 
for  drilling  and  boring  macbines  tbey  were  of  course  not  snitable. 
In  special  cases  of  taming  oat  sharp  comers  where  a  square  comer 
was  particolarlj  desired,  it  would  of  course  be  necessary  after  using 
a  round  tool  to  substitute  one  of  the  ordinary  diamond-pointed  or 
square  tools  to  reach  into  the  comer,  as  the  round  tool  lefl^  aU 
comers  rounded  out  to  a  circle  of  its  own  diameter. 

Mr.  F.  J.  Brahwell  thought  the  round  tool  had  a  decided 
advantage  for  turning  collars  on  shafts,  because  it  was  then 
impossible  for  the  workman  to  spoil  the  work  by  cutting  out  the 
comers  square,  as  was  too  frequently  done ;  but  with  the  round  tool 
he  would  be  compelled  to  leare  them  all  nicely  rounded  out. 

The  Chaibhan  enquired  what  were  the  two  angles  in  the 
standard  gauge  employed  for  giving  the  inclination  of  the  round 
cutters. 

Mr.  W.  F.  Smith  replied  that  the  angles  of  the  gauge  were  50^  for 
wrought  iron,  and  60®  for  cast  iron  and  brass,  which  were  the 
angles  that  he  had  found  the  best  for  the  different  descriptions  of 
metal. 

The  Ghaibhak  proposed  a  vote  of  thanks  to  Mr.  Smith  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated. 
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